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Thesis directed by Dr. Erin Furtak and Dr. Linnea Avallone 
 
ABSTRACT 
This dissertation shows the evolution of five undergraduate students’ ideas of natural and 
anthropogenic climate change throughout a lecture hall course on climate change.  This research 
was informed by conceptual change theory and students’ inaccurate ideas of climate change.  
Subjects represented different levels of climate change understanding at the beginning of the 
course and were selected based on their scores on a climate change questionnaire.  The study was 
designed to research how students’ ideas changed throughout the course and compare trajectories 
of lower and higher achieving students.   
At the beginning, students had different levels of understanding, but as the semester 
continued, the lower-performing students progressed more than the higher-performing students.  
At the end of the course, all students described more ideas than they did at the beginning; 
however some of these ideas were inconsistent with the professors’ instruction. 
Lower-performing students struggled more than the higher-performing students.  
Struggles included differentiating climate change and its causes, effects, and consequences from 
other environmental problems.  Students also struggled with the idea that climate change is 
anthropogenic despite it being natural in the past.     
In order to understand that climate change is impacted by human forcings in addition to 
natural forcings, students developed the relationship that climate change is natural and humans 
are “speeding it up.”  They took time to integrate this relationship into their prior ideas. 
  Three of the students constructed a definition of climate change that was different than 
the professor’s.  Two students defined “climate change” as only the natural aspects of climate 
change and reserved the anthropogenic changes for the term “global warming”.  For a third 
student, “climate change” included damming rivers, eutrophication, frog mutations, ozone 
depletion, and overfishing, which are environmental ailments but not climate change.  
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1 INTRODUCTION 
 
In this dissertation, I investigate undergraduate students’ ideas of climate change with a 
focus on ways they conceptualize natural and anthropogenic climate change.  The findings that I 
report are the result of a qualitative study that focuses on conceptual change occurring in college 
students as they take a course on climate change.  I present my findings in the form of cases of 
each student and cross-case analyses, where I identify general trends across all students.   
 
1.1 Climate Change Background  
This section gives an overview of climate change as described in the Intergovernmental 
Panel on Climate Change 2007 Synthesis Report, or IPCC 2007.  After the overview, I describe 
the key concepts that students need to know to understand the difference between natural and 
anthropogenic climate change.   
 Climate change has become one of the biggest environmental concerns for the Earth.  It 
involves  
“a change in the state of the climate that can be identified by change in the mean and/or 
variability of its properties, and that persists for an extended period, typically decades or 
longer.  It refers to any change in climate over time, whether due to natural variability or 
as a result of human activity.”   
Scientists are certain that the climate is warming based on observations of air and ocean 
temperature increases, ice and snow melting, and increasing average sea level.  Research shows 
that changes since the mid-20
th
 century are very likely due to increases in anthropogenic 
greenhouse gas concentrations (IPCC, 2007).   
 2 
 
Climate change is caused by alteration of the energy balance in the climate system.  The 
climate system includes the interactions within and between the atmosphere, land surface, snow 
and ice, bodies of water (oceans), and living things.  Changes in atmospheric greenhouse gas 
concentrations, along with changes in atmospheric aerosol concentrations, changes to land cover 
and changes to solar radiation affect the energy balance.   A change to one of the aforementioned 
things will change, or “force,” the climate system, alter its energy balance, and result in climate 
change.  Natural forcings include explosive volcanic eruptions, solar variations, and natural 
aerosols from sea spray, volcanoes, and biogenic emissions.  Human-caused, or anthropogenic,  
forcings include fossil fuel burning (namely by power plants for electricity generation and by 
automobiles for transportation), deforestation, agriculture, natural gas distribution, landfills, 
fertilizer use, refrigerants, industrial processes, tropospheric ozone production from primary 
pollutant reactions, and aerosol emission or production through mining or industry.    
The 2007 IPCC reports that the total net anthropogenic forcing in 2005 with respect to 
1750 was 1.6 W/m
2
.  This included forcing from long-lived greenhouse gases, tropospheric and 
stratospheric ozone, stratospheric water vapor derived from methane (CH4), surface albedo, 
aerosols, and linear contrails.  While most of these have a positive forcing, pushing the climate to 
be warmer, some have a negative forcing.  The latter are the stratospheric component of ozone, 
the land use change component of albedo, and aerosols.  The total natural forcing over the same 
time period, primarily due to changes in solar irradiance, was 0.12 W/m
2
.  Thus, it is very 
unlikely that changes in the climate are due only to natural variations (IPCC, 2007). 
Long-lived greenhouse gases make the largest contribution (1.66 W/m
2
) to anthropogenic 
climate forcing.  Greenhouse gases, including water vapor, carbon dioxide, methane, nitrous 
oxide, and ozone, play a key role in the greenhouse effect.  The Earth’s surface and atmosphere 
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absorb two-thirds of the incoming solar radiation from the Sun, which is predominantly at visible 
or near-visible wavelengths.  The Earth radiates, on average, the same amount of energy it 
receives, but at infrared wavelengths.  Greenhouse gases absorb and radiate much of this thermal 
energy, some of which is emitted to space and some of which is emitted back to the Earth’s 
surface, increasing the amount of energy deposited there and consequently warming the Earth.  
The increase of greenhouse gases in the atmosphere intensifies the greenhouse effect, which can 
be further amplified by feedbacks. Feedbacks are important because they have the potential to 
result in a large impact on the climate.  For example, an increase in atmospheric temperature due 
to this intensified greenhouse effect will increase the amount of water vapor in the atmosphere 
through evaporation at the surface.  Since water vapor is a greenhouse gas, it too will intensify 
the greenhouse effect, resulting in a positive feedback or amplification (IPCC, 2007).   
Scientists have observed changes in temperature, precipitation, and sea level in the past 
100 years.  From 1906 to 2005, the Earth’s average global temperature increased 0.74 oC, with 
the rate of this warming increasing more recently.  From the 1910s to the 1940s the average 
global temperature increased 0.35 
o
C, but from the 1970s to 2006, it increased 0.55 
o
C.   Eleven 
of the twelve warmest years since 1850 have occurred between 1995 and 2006.  Similar to 
temperature, precipitation patterns have changed.  Compared to 1900, more precipitation fell as 
rain than as snow in 2005.  The rate of sea level rise increased from an average of 1.8 mm/year 
from 1961 to 2003 to 3.1 mm/year from 1993 to 2003.  Thermal expansion due to increased 
ocean temperatures was responsible for 57% of the sea level rise from 1993 to 2006.   Climate 
change is also responsible for the melting of long-lived snow, ice, and frozen ground (IPCC, 
2007).     
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These changes can be mostly attributed to anthropogenic activities due to the emission of 
the greenhouse gases carbon dioxide, methane, nitrous oxide, and halocarbons.  Anthropogenic 
emissions of greenhouse gases increased 70% between 1970 and 2004 and consequently, the 
atmospheric concentration of greenhouse gases has increased.  Concentrations of carbon dioxide 
(CO2) increased from pre-industrial values of 280 ppm to 379 ppm in 2005.   These increases in 
CO2 resulted primarily from fossil fuel use and secondly from land use change.  Methane (CH4) 
concentrations increased from 715 ppb during pre-industrial times to 1732 ppb in the early 1990s 
due to agriculture and fossil fuel use.    Nitrous oxide (N2O) increased from a pre-industrial 
concentration of 270 ppb to 319 ppb in 2005 due to agriculture.  Also, halocarbons have emerged 
in the atmosphere since the 1940s as a result of human production and contribute to 
anthropogenic warming in addition to their role in stratospheric ozone depletion (IPCC, 2007). 
Climate change can lead to environmental events including but not limited to “global 
warming”, desertification, polar ice cap melting, oceanic anoxic events, and sea-level rise.  
Environmental changes impact societies by potentially causing famine, displacement, health 
epidemics, societal unrest (war), and energy and food availability concerns (IPCC, 2007).  It is 
important to understand these outcomes so that societies can best mitigate or prepare for them. 
Scientists have sophisticated models that they use to determine the approximate impacts 
of human-induced changes to the climate.  Models are mathematical representations of the 
climate and run on supercomputers.  These models have been developed over many decades and 
consistently show the climate warming as a result of increasing greenhouse gases.  Although 
there is some limitation to models, such as their ability to model cloud impacts to climate, they 
have proven to simulate certain aspects of current climate.  Therefore, models are powerful tools 
for climate change research (IPCC, 2007).    
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1.1.1 Definitions of “Climate Change” and “Global Warming” 
There is no official entity in charge of establishing one term to describe a change in the 
earth’s average global temperature.  The phrase “global warming” was coined by Wallace 
Broecker (Columbia University) in a 1975 paper, “Climate change: Are we on the brink of a 
pronounced global warming?”  In 1979, Jule Charney (MIT) suggested using “inadvertent 
climate modification” to describe global surface temperature increases, but this didn’t stick.  In 
1988, James Hansen (National Aeronautic and Space Administration, NASA) used the term 
“global warming” when testifying to Congress.  After that, the media and businesses picked up 
and used this catchy term (NASA website, 2012). 
Today, the terms “climate change” and “global warming” are sometimes used 
interchangeably by the public (EPA website, 2012).  Some scientists prefer the term “climate 
change,” because “global warming” implies heating of the Earth only, but there are other impacts 
of greenhouse gas emissions.  The term “climate change” includes these other impacts such as 
changes in precipitation and sea level (NASA website, 2012).  
Organizations report different interpretations of the terms, so they do not have one 
established definition.   NASA reported that “global warming” is the “increase in Earth’s average 
surface temperature due to rising levels of greenhouse gases” and “climate change” is “a long-
term change in the Earth’s climate, or of a region on Earth.”  NASA’s discussion of their 
definition implies that “global warming” is limited to the anthropogenic causes, however, they 
do not identify the cause of “global warming.”  The National Academy of Sciences stated that 
“global warming” was the “average increase in the temperature of the atmosphere near the 
Earth's surface and in the troposphere, which can contribute to changes in global climate 
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patterns.  Global warming can occur from a variety of causes, both natural and human induced.”  
Their definition of “global warming” differs from NASA’s because they identified that global 
warming could be human or naturally caused.  The National Academies definition of “climate 
change” is not limited to warming and includes “any significant change in measures of climate 
lasting for an extended period” (EPA website, 2012).  The varying descriptions allow for 
multiple interpretations of these terms, which may lead to confusion about the natural and 
anthropogenic causes of changes in Earth’s climate. 
  
1.1.2 What Students Need to Know 
Based on the above summary of climate change, this section highlights the key concepts 
that students need to know to understand natural and anthropogenic climate change.  Students 
need to understand that humans are making a climate impact above and beyond the natural 
cycles.  Hence, they need to be able to differentiate between natural and anthropogenic climate 
forcings.   
 
1.1.2.1 Deforestation 
Students need to know that deforestation reduces an absorber of carbon dioxide.  Plants 
and trees are primary producers, generating their own biomass and energy stores through their 
absorption and transformation of CO2 from the atmosphere in the presence of sunlight.    
Reducing the amount of primary producers reduces the amount of organisms that absorb CO2 out 
of the atmosphere, hence increasing the build-up of CO2 in the atmosphere.        
Deforestation affects the albedo, or reflectivity of an area, but the change is a negative 
forcing (cooling) rather than a positive forcing.  The clearing of land is often done to provide 
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room for farming.  The color of forest cover is much darker than that of field and farmland.  
Therefore, when forested land is cleared for farming, the land’s albedo increases; there is more 
reflection of direct sunlight radiation, which forces the climate in the cooler direction.  Students 
need to know that the cooling impact due to the change in albedo is less than the warming impact 
due to the reduction of a carbon sink, so scientists consider deforestation to be a positive forcing: 
a warming of the climate.    
 
1.1.2.2 Fossil Fuel Burning  
Students need to understand that humans are releasing carbon into the atmosphere that 
was previously locked underground in fossil fuels.  Humans burn these fuels, such as oil and 
coal, for transportation and electricity.  The combustion of these hydrocarbons in the presence of 
oxygen releases CO2, which is emitted to the atmosphere.  While underground, the carbon had no 
impact on climate, but when released into the atmosphere where it accumulates, CO2 enhances 
the greenhouse effect and causes climate change.  One way to remove and sequester CO2 from 
the atmosphere is for a photosynthesizing organism to absorb it.  The carbon must stay in the 
organism after it dies so that after time it transforms into sedimentary rock.  Currently, the rate at 
which humans are adding CO2 to the atmosphere through the combustion of fossil fuels exceeds 
the rate at which CO2 is being sequestered through this transformation of photosynthesizing 
organisms into fossil fuels.  Students need to know that fossil fuels are releasing carbon that has 
been sequestered for millions of years.   
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1.1.2.3 Definitions of “Climate Change” and “Global Warming” 
Students also need to understand the definition of climate change as given by the IPCC.  
They need to know that “climate change” can be caused by both natural and anthropogenic 
forcings.   Students should understand that “global warming” can be used interchangeably with 
“climate change.” 
 
1.2 Problem Formation 
Science professors may experience the scenario: They are teaching an undergraduate 
introductory science course to non-science majors.  Students in the course display an inaccurate 
idea about a concept.  The professor teaches the scientific explanation of the concept a number of 
times during the course in order to clarify students’ initial confusion.  But when the professor 
grades the assessment, he discovers that a large number of students still have the inaccurate idea.  
He questions whether the students learned from his lecture.  The professor may experience 
feelings such as disappointment, concern, and confusion as to what was going on in the students’ 
minds.  
Science education researchers have studied many cases of the above scenario, especially 
for students learning biology and physics.  This scenario also exists for professors of climate 
change, yet less research has been conducted about students’ climate change understanding.  At 
present time, climate change is a rapidly developing field.  Introductory climate change 
professors teach many “new” conclusions resulting from recent research, such as the impact of 
climate feedbacks.  Educational researchers have begun to investigate learning associated with 
these “new” concepts, but there is immense research potential. 
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In addition to being a “new” science, climate change is currently a highly controversial 
science because it is highly politicized and often in the media.  With this high level of visibility, 
people may make grand assumptions about it when they do not fully understand the topic.  The 
result could be various ideas about climate change that are not completely accurate.  Students in 
college courses are not sheltered from these inaccuracies.  Climate change professors may feel 
responsible for addressing inaccuracies and ensuring climate literacy in their classrooms. 
Society’s various interpretations of climate change and the students’ struggle with the topic 
motivated my study of students’ climate change ideas.  Before now, little research deeply 
investigated students’ climate change understanding and the progression of their conceptions.   I 
decided to dig deeply into how students’ ideas change in a classroom.  My investigation could 
shine light on reasons why students hold on to their inaccurate climate change ideas and address 
a research gap. 
 
1.3 Conceptual Framework 
My research is informed by conceptual change theory and previously characterized 
inaccurate ideas of climate change.   “Conceptual change” describes the improvement in 
students’ knowledge as a result of overcoming inaccuracies or moving towards an expert-like 
way of understanding a scientific concept.  The meaning can be derived from each part of the 
term interpreted individually.  “Conceptual” is derived from the term “concept” or “conception” 
- an abstract idea or a unit of knowledge.  “Conceptual” refers to the students’ thoughts, 
constructs, and understanding of a scientific concept.  The “change” portion of the term indicates 
that these concepts will evolve or undergo transformation.   
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According to conceptual change theory, students construct their ideas based on what they 
already know (Smith et al., 1993).  Prior to instruction, students develop their personal ideas 
based on their everyday experiences.  Sometimes these personal ideas conflict with the scientific 
explanation taught in class.  As a result the student undergoes a period of internal grappling 
between their personal and the academic explanations.  During this time of struggle, students 
could present conceptions that look inaccurate and mixed-up, yet are hybrids of the original 
conception and the scientific explanation.  Often these times of struggle represent conceptual 
change taking place.  Conceptual change theory states that students may emerge from this 
internal struggle with a conception that is more accurate than their original.  
Conceptual change theory can be used to interpret learners of all sciences, including 
climate change.  Previous research in climate change documents many of the initial ideas and 
calls them “misconceptions,” meaning inaccurate ideas that are hard to change or students’ 
preconceived ideas prior to receiving formal instruction. 
In my research, I expected to see some students inaccurately describe climate change 
concepts at the beginning of the semester similar to descriptions characterized by prior research.   
I expected students to struggle with their ideas when the professor gave a different explanation of 
the phenomenon.  I expect these areas of struggle to be times when students were grappling with 
their original explanation and the professor-give explanation.  Finally, I expect students to 
resolve this struggle by presenting an explanation different than their original, indicating they’ve 
achieved conceptual change.    Hence during my research, I paid particular attention to times 
when students struggled with concepts as well as changes in their explanations throughout the 
semester.   
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2 LITERATURE REVIEW 
 
This literature review is a summary of major pieces of literature on the topics of 
misconceptions and conceptual change; these theories inform my analysis of students’ 
understanding.  This chapter starts with an overview of conceptual change theory.  Next is a 
description of empirical studies in the Earth sciences that were informed by current conceptual 
change theory.  These empirical studies support the theory because they provide specific 
accounts of how conceptual change is achieved in the Earth Sciences.  The last section reviews 
articles that characterize student climate change misconceptions and that investigate conceptual 
change around climate change concepts. 
 
2.1 Conceptual Change Theory 
Conceptual change involves a student’s restructuring or reorganizing of the cognitive 
structures that make up their understanding of a scientific concept.  Depending on the situation, 
conceptual change can take either a rather short (hours) or a long (years) time to occur.  It often 
includes intermediate stages, which in some cases may be the extent of the change.  Students can 
move back and forth on the novice-to-expert continuum before achieving conceptual change.  
Experts can be differentiated from novices based on their organization and retrieval of 
knowledge.  Experts organize knowledge in a way that allows them to identify patterns and 
access relevant information efficiently.  They are able to fully understand problems and monitor 
their personal approach to problem solving.  They also possess significant content knowledge in 
a subject.  Novices, on the other hand, do not have the content knowledge and the level of 
organization that allows the efficient processing of information.  Novices often utilize 
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explanations that match their everyday intuition (Bransford et al., 2000).  This section discusses 
this evolution and the prior theories that inform the current view of conceptual change.   
In 1982, Posner, Strike, Hewson, and Gertzog proposed that the learner relies on his or 
her current conceptions when investigating a problem, and that conceptual change occurs when 
the student replaces his or her novice original conception with one that is more scientific.  This 
conceptual change contributes to learning.  The replacement of one conception with another is 
called accommodation.  Accommodation is opposed to assimilation, which is the learner’s use 
of existing concepts to deal with new phenomena.  Accommodation is said to occur when a 
student becomes dissatisfied with a conception, which can be due to a variety of reasons 
including the existence of a situation in which the current conception does not work and the 
existence of a better explanation for a phenomenon.  The student is said to remove her initial 
conception from her cognitive constructs and replace it with the better conception.  
Accommodation is thought to occur when an expert demonstrates a more advanced idea to a 
learner.  The learner is thought to give up her prior ideas in exchange for the more advanced 
ones.     
Posner et al. (1982) theorized that four conditions must be met for accommodation to 
occur.  The first is that the student must be dissatisfied with existing conceptions.  If the student 
is satisfied with her original conception it isn’t likely that she will consider other options.  An 
anomaly can lead to dissatisfaction.  For example, a student may think that a force is necessary 
for motion.  She bases this idea on her everyday observations.  She perceives force as the 
exertion that is required to move a human body or motion that results from stepping on the gas 
pedal that moves a car.  These ideas are inconsistent with Physical Laws, yet they work for 
students in their everyday lives.  An anomaly that can be presented to a student is to show that on 
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a frictionless, horizontal plane, a force is not required to keep an object moving in a straight line.  
The student may discover that her original idea that force is required for motion does not explain 
this anomaly.  Secondly, the new conception must be intelligible, meaning that the student must 
be able to understand it.  Third, the new conception must appear initially plausible, meaning that 
it should fit in with the learner’s current knowledge.  Finally, the new conception must be 
fruitful, meaning the conception should allow the student to conduct further scientific inquiry 
now that they’ve learned the conception (gained knowledge).  
  Application of the theory suggests that instructors should challenge students’ original 
conceptions by presenting them with clear evidence that contradicts their misconception.  
Teachers are advised to present anomalies that create cognitive conflict in the student and to use 
metaphors, models, and analogies to help explain the scientific conception.  As a result, the 
student supposedly accepts the scientific idea as presented by the instructor, replacing his or her 
original conception.    
In their 1992 paper, Strike and Posner revised aspects of their 1982 conceptual change 
theory.  They defined “misconceptions” as false beliefs that are highly resistant to change.  These 
misconceptions are not isolated, but rather intertwined into cognitive structures in the students’ 
minds.  They “exist in semantic and syntactical relations with one another so that they are 
interdependent for their meaning and are not readily appraised in isolation.” (p.153)  
Misconceptions are candidates for conceptual change, which the authors say is comparable to a 
paradigm shift in scientific theory (Kuhn, 1962).  Thus, conceptual change theory is applied to 
show how the shift from misconception to scientific idea is made.   
Strike and Posner (1992) maintain the postulates of conceptual change they defined in the 
1982 paper: conceptual change requires dissatisfaction with current conceptions and an 
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intelligible, plausible, and fruitful new conception.  But, they offered some expansions to their 
original idea.  They say that the original theory was too rational (or straightforward).  They stated 
that “misconceptions” were not simply false beliefs, but rather candidates for change, although 
highly resistant to it.  They said that misconceptions could be represented in different forms and 
therefore generated prior to or as part of instruction. 
Strike and Posner (1992) accepted that students enter the classroom not as blank slates 
waiting to be filled with information, but rather, based on their experiences with the physical 
world, as learners who have already developed working ideas to explain their observations of 
physical phenomena.  Some students’ prior ideas are not consistent with the accepted scientific 
explanations.  They called for more research on the impact of misconceptions in the classroom 
and made an effort to merge their theory with others.  In order to truly understand the 
misconception, researchers need to fully understand its developmental history.   
Despite Strike and Posner’s revisions, trouble was brewing for the original theory.  In 
1993, Smith, diSessa, and Rochelle published a paper that changed the way that the research 
community viewed misconceptions.  They disagreed with Posner et al. (1982) because they 
disagreed directly with the idea of accommodation.  They wrote that the idea that conceptions 
were replaced directly conflicted with the theory of constructivism.   
The theory of constructivism referred to by Smith et al. (1993), stated that students build 
their knowledge from prior understanding.  Smith et al. (1993) stated that novice ideas (including 
misconceptions) play a role in intermediate and expert thinking.  How could constructivists 
propose that students construct new contexts by building upon their original ideas when Posner 
et al. (1982) proposed that, in order to achieve expert-like thinking, the student must reject his 
old ways and accept the scientific explanation (accommodation)?  These theories clashed.   
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Smith et al. (1993) pointed out that misconceptions are a part of the conceptual change process 
from a constructivist point of view.  The misconception could actually guide student learning 
rather than hinder it and thus is beneficial in helping the student achieve conceptual change.  
They proposed that conceptual change was achieved through the struggle that students 
experience as they gradually shift between novice and expert on the conceptual change 
continuum.  This doesn’t mean that having a misconception will eventually lead the student to 
the correct idea.  But in terms of conceptual change theory, misconceptions do not necessarily 
need to be discarded and replaced with the correct conception.  In accordance with their 
constructivist perspective, Smith et al. (1993) suggested that novices and experts have 
similarities in the way that they think about a situation.   
 What Smith et al. (1993) theorized is that students possess “knowledge in pieces”, or 
phenomenological primitives.   This term was initially defined by diSessa (1993) as the smallest 
form primitive cognitive structure, and nicknamed “p-prim.”  Individually, these pieces of 
knowledge cannot be judged as incorrect or correct.  Both novices and experts construct meaning 
starting with these p-prims.  The difference is that experts have more advanced ways of 
construction and are more abstract.   This means that experts can figure out things that they 
cannot see or test.  They can make connections between various bits of knowledge that a novice 
cannot.    On the other hand, novices are concrete, and use known processes even if they take a 
longer to arrive at a conclusion or result. 
An example of a p-prim is that “pathways allow” something to pass through.  A second 
p-prim is that “barriers impede” this passing.  When each p-prim stands alone, it is neither 
correct nor incorrect.  Students interpret their experiences by applying p-prims in disorganized 
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ways that are not consistent with scientific explanations.  For example, a student’s jacket is a 
barrier from cold wind on a gusty winter day.  Unzipping one’s jacket and possibly exposing 
one’s skin will create a pathway through which cold outside air could contact the body.  When 
combined together, the “pathways allow” and “barriers impede” p-prims create the 
conceptualization of a hole.  A hole in jacket will allow the cold air from the outside to leak 
through the jacket’s protective barrier.  Similarly, a hole in a balloon will leak air until the 
balloon is deflated.  When used for these personal experiences, the associated idea is correct.  
But when applied to the concept of the ozone hole, these p-prims become part of an inaccurate 
idea.  This inaccurate idea is that the ozone hole is leaking “something,” perhaps air, into space.   
Another reason why Smith et al. (1993) particularly did not like the confrontation aspect 
of the 1982 theory was because when learners are confronted with a “scientific” idea and tasked 
to compare it to their original idea, the learner uses complex, self-dependent, internal criteria to 
evaluate both ideas.  There is no guarantee that the learner will select the “scientific” idea just 
because it originated from scientists or teachers; if it doesn’t make sense to the learner, their 
original idea may prevail. 
Smith et al. (1993) viewed misconceptions as student conceptions that produce a 
systematic pattern of errors. They identified numerous terms utilized in research to describe 
instances similar to misconceptions.  These terms included: “preconceptions”, “alternative 
conceptions”, ‘naïve beliefs”, “alternative beliefs”, “alternative frameworks,” and “naïve 
theories.”  The meaning of these terms varies slightly from one to the next.  Terms with the 
prefix “pre-” or “prior” and “naïve beliefs” usually represent ideas that the student had before 
instruction.  “Alternative” describes terms that suggest students’ ideas are different than the 
expert or scientist view, but not necessarily incorrect.  The term “misconception” emphasizes 
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that students’ ideas are mistaken, and thus incorrect.  Despite the nuances within definitions, all 
terms refer to student ideas that are different than what they are taught or expected to know.  In 
my study, the term “misconception” means incorrect ideas that are strongly held despite 
instructional attempts to correct them.  Misconceptions emerge in the research as incorrect ideas 
that fit into the students’ cognitive constructs.  Although they are scientifically inaccurate, the 
student does not see how because their novice-level constructs do not conflict with the 
misconception.     
David Hammer (1996, 2000, 2003, 2005) expanded upon the work of Smith et al. (1993), 
proposing that misconceptions are not concept-specific, but rather are the students’ incorrect 
activation of a resource.  In 1996, he explained the term “misconception” by compiling its most 
common usages.  He reported that misconceptions:  
1. are strongly held, stable, cognitive structures, 
2. are different than expert thinking
1
, 
3. affect the fundamental way that students understand natural phenomena, and 
4. must be overcome, avoided, or eliminated for students to achieve expert thinking  
(Hammer, 1996; p. 1318). 
Hammer’s term “resources” is similar to “pieces of knowledge” or to diSessa’s (1993) “p-
prims”.  Resources are tiny ideas that are neutral (neither right nor wrong) when they stand 
                                                 
1
 Hammer considered the term “expert thinking” to be the thoughts and methods used by field 
experts to solve problems and answer questions.  This is different than the techniques of novice 
thinkers, who tend to utilize different thought processes to solve problems.   
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alone.  They are bits of knowledge that students compile to make sense of their world.   Students 
“activate” these resources in multiple and diverse situations.  For example, a student who 
reviews his or her mathematical calculations has activated the “checking” resource.  The same 
student may activate the same resource when balancing his or her checkbook.  Even though 
resources are neither correct nor incorrect by themselves, they can make a student’s 
understanding a misconception if they are “activated” incorrectly.   
An Earth Science example involving resources that is cited by Hammer (2003) is 
students’ misconception that the Earth is closer to the Sun in the summer, which is why it is 
hotter.  The right idea is that the Earth is hotter in the summer because the summer hemisphere 
experiences more direct sunlight as the angle at which the rays hit the Earth is closer to 
perpendicular (90 degrees), hence the summer hemisphere receives more energy than the winter 
hemisphere.  This is all due to the tilt of the Earth on its axis.   
Students who have the misconception often activate the resource “closer means stronger.”  
By itself, the statement “closer means stronger” is neither correct nor incorrect, but when applied 
to the seasons, it forms the misconception.  But “closer is more,” or equivalently, “closer 
stronger,” is often the case in many other Earth Science examples, which may make it seem 
plausible to novice Earth Science learners.  For example, planets that are closer to the Sun 
receive more radiation than planets that are farther away.  If one is closer to a bonfire, he or she 
feels more radiation and feels warmer than someone farther away.  A person close to a loud 
noise, such as a fire alarm will hear a louder sound (seemingly more noise) than someone who is 
farther away.  All of these examples could prompt the student to activate his “closer means 
stronger” resource when prompted to think of a reason to describe the seasons (Hammer, 2003).  
 19 
 
Hammer’s (2000) thoughts on resource activation stemmed from the previous work of 
diSessa (1993), Hammer and Elby (2003), Minstrell (1982), and Clement, Brown, and Zeitsman 
(1989).  Clement, Brown, and Zeitsman (1989) stated that ‘not all preconceptions are 
misconceptions’.  Hammer highlighted their term “anchoring conceptions.”  Anchoring 
conceptions are students’ thoughts that happen to align with more sophisticated, expert thinking.  
These help students apply their understanding in other contexts and are called “bridging 
analogies.”  Hammer identified a touchstone example of this in Minstrell’s (1982) work.  
Students had a hard time understanding that a table applies a force to a book that is sitting on top 
of it, although they understood that there was a gravitational force pulling “downwards” on the 
book.  Minstrell replaced the table beneath the book with springs.  Students can understand the 
force applied by springs because they can visualize the compression of the springs.  In this case, 
the anchoring conception was the students’ understanding of springs.  This helped students 
understand that the table acts as the springs do and exerts an upward force on the book.   
Elby (2001) proposed that students have raw intuitions that are neither correct nor 
incorrect, and are resources from which students could build their understanding.  He suggested 
that misconceptions are misapplications of this intuition.  For example, imagine that a car 
collides with a truck that is twice its size.  Initially, the student might state that the “car feels 
twice as much force during the collision,” but this is not correct.  The student’s raw intuition 
from visualizing the situation is that “the car reacts twice as much as the truck during the 
collision”.  While the initial statement was incorrect, the raw intuition was not.  The instructor 
should help the student refine their statement to say “the car has twice as much acceleration 
during collision,” which is correct in terms of Newton’s 3rd law.   
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The current view of conceptual change is that it is a long process that involves a 
movement along a novice-to-expert continuum.  It is up to instructors to foster their students’ 
movement along this continuum by helping them build their knowledge.   When presented with 
additional information, students may realize that their original conceptions no longer “work.”  
Hence, they enter a period of internal grappling and struggling with their conceptions which, 
over time, may result in a reorganization of their original explanation.  Students could end up 
somewhere in the middle of the continuum, but if the corresponding conception is closer to the 
scientific conception, conceptual change has occurred.  Instructors should consider “wrong” 
thinking to be productive because it develops resources for later “right” thinking. (Hammer, 
2000). They should work with the students’ intuitive knowledge and challenge (in a non-
combative way) misconceptions with arguments and evidence.  There is not one prescribed 
technique to address misconceptions, so the instructor should be reflective and use their own 
experience in selecting different paths of instruction. (Hammer, 1996)       
 
2.1.1 Ontological Categories 
A different view of conceptual change is one that involves ontological categories, as theorized by 
Michelene Chi (1992, 2008).  Ontological categories are hierarchical categories within a 
classification system that groups everything into entities, processes, and mental states.  Beneath 
each of these main categories are subsets, which could contain smaller subsets in a hierarchal 
branching structure.  The hierarchy of these categories is illustrated by the following figure. 
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Figure 2.1: Chi’s (2008, p. 64) lateral and ontological categories 
. 
Chi stated that everything can be categorized into one lateral category, each of which has unique 
defining characteristics.  No one “thing” can exist in more than one lateral category, therefore 
lateral categories are mutually exclusive of each other.    
Chi’s conceptual change theory stated that misconceptions occur when students mis-
categorize a concept into the wrong ontological category.  For example, a student could mis-
categorize electric current into the “matter” ontological category because it is much like flowing 
liquid.  However, electric current should be placed in a “constraint-based” category (Chi et al. 
1994), which she renamed “emergent processes” in her 2005 paper (Chi, 2005).  Constraint-
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based concepts or emergent processes are processes that do not have a distinct starting and 
ending point.  In comparison, Chi classified processes that do have a starting and ending point as 
“direct processes” (Chi et al., 1994 and Chi, 2005).   
Chi stated that most misconceptions tend to arise around emergent processes because 
students often confuse them with direct processes.  Emergent process are typically harder to 
visualize and understand than direct processes.  Plus, some students may not be aware of the 
emergent process category, especially at the middle-school level where teachers tend to use 
simpler words to introduce complex concepts to students.  The substitution of a simple 
vocabulary rather than the technical scientific description could lead to the placement of 
emergent processes in the direct process ontological category, creating a misconception that 
could be extremely robust (Chi, 2005).  An example of an emergent process is diffusion, which 
occurs because molecules move in a random manner (Chi, 1992 and Chi, 2005).  There is no 
start or end to the process.  The molecules do not “intend” to move from areas of high 
concentration to areas of low concentration, but students often present the misconception that 
there is an intended goal to the process.  Sometimes instructors use phrases that reinforce the 
misconception, such as “molecules want to move to a lower concentration area.”  
  Chi theorized that in order to achieve conceptual change, the individual needs to remove 
the concept from the incorrect category and place it in the correct one.  In the case of emergent 
processes, this could be achieved by teaching the student of the nature of these processes.  In her 
2005 article, Chi discussed the robustness of misconceptions associated with emergent processes, 
such as electric current, diffusion, heat, and weather.  She stated, 
 “Students’ misconceptions of emergent processes are robust because they misinterpret 
emergent processes as kind of commonsense direct process.  To correct such a 
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misconception requires a re-representation or a conceptual shift across ontological 
categories.  Therefore, misconceptions of emergent processes are robust because such a 
shift requires that students know about the emergent kind and can overcome their 
(perhaps even innate) predisposition to conceive of all processes as a direct kind.” (Chi, 
2005; page 161).   
 In order to see if a student has mis-categorized a concept, Chi suggested analyzing the 
predicates that students use to describe the concept and comparing them to the predicate usage of 
experts.  When looking at how a novice described heat in the atmosphere (as when discussing 
mechanisms of the greenhouse effect), Chi argued that they may use words such as “block” or 
“contain,” which are predicates used to describe “matter” or  “substances”.  “Matter” (Chi et al., 
1994) and “substances” (Chi, 2005) are the ontological category names to describe concepts that 
take up space.  Experts, however, used fewer of these predicates that are meant to describe 
substances and more of those that talk about the process itself.  Examples included process 
predicates that described transfer, “transfer from one to another”, and interaction, “the light 
energy is absorbed and transformed” (Chi et al., 1994 and Slotta et al., 1995). 
 
2.1.2 Summary 
Chi, Hammer, and Smith et al. agree that misconceptions are caused by an incorrect 
placement or activation of an idea that is broken down into the smallest possible form.  While all 
agree that misconceptions are caused by tiny nuances, they differ in their presentation of the 
cognitive structures that impact these nuances.  The climate change understanding studies often 
cite the view of conceptual change as developed by the progression from Posner et al. (1982) to 
Smith et al. (1992) to Hammer (2005).  Very few of them cite Chi in terms of conceptual change 
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theory.  Therefore, this dissertation is informed by the conceptual change theory as proposed by 
the former, especially Smith et al. (1992).   
 
2.2  Research in Earth Science Conceptual Change  
There are a number of empirical studies conducted in the Earth Sciences that investigated 
conceptual change (Barnett and Moran, 2002; Hamza and Wickman, 2008; Jones et al., 2000; 
Rosenberg et al., 2006; Taber, 2001; and Trundle et al., 2007).  These studies describe students at 
various places along the novice-to-expert continuum.  Most commonly, they capture the phase 
where students are moving back and forth between explanations of a phenomenon.  When a 
student does this, he has a conception that can be considered to be in a hybrid state, and includes 
details that do not look like either the students’ original (experienced-based) conceptions or the 
classroom-taught formal concept (Vygotsky, 1986).  Experienced-based conceptions are 
generated based on the students’ natural-world experience outside of the classroom and based on 
what they perceive as “working.”  Academic concepts are ideas are taught in school and 
considered to be scientific.   To learn, the student attempts to move from the experienced-based 
conception to the academic conception by first merging the two.   The resulting conception can 
look inaccurate, but may actually represent a step towards the academic conception.  Vygotsky 
(1986) called the hybrid state the “zone of proximal development.”  The empirical studies 
described in this section capture the student in this hybrid state of understanding.   
Jones et al., (2000) found that students’ prior experiences and concepts were constantly 
being brought forth and used to explain new observations.  They found this when they studied 
the impact of outside influences on fifth grade students’ understanding of heat and convection.  
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Their subjects utilized systems of knowledge from the process of evaporation in explanations of 
the process of convection.   Agreeing with Smith et al. (1993), they stated that research should 
focus on systems of knowledge rather than single units of knowledge.     
Students in the hybrid state may flip-flop between conceptions.  In a longitudinal study, 
Trundle et al. (2007) investigated the impact of an inquiry-style lesson on the Moon phases on 
twelve pre-service elementary teachers’ long-term (6 and 13 month) understanding.   All subjects 
utilized alternative explanations on the pre-assessment, but demonstrated scientifically-accepted 
understanding after approximately 10 hours of study.  After 6 or 13 months (depending on the 
subject), 9 subjects’ ideas qualified as scientifically-accepted, two of which demonstrated an 
improvement from the end of the lesson even though they were said to have experienced no other 
Moon-phase instruction nor to have received other Moon information in the news.  Trundle et al. 
(2007) stated that this showed that students could continue undergoing conceptual change after 
instruction.  Three students reverted back to their original alternative conceptions.  The authors 
pointed out that these three students possessed multiple explanations, some accurate and others 
inaccurate.  At the time of their post-interviews, the students’ inaccurate explanations were at a 
“lower status” than the scientifically-accepted explanation.  As time passed, the inaccurate 
conceptions regained “higher status”, and the students prioritized these above accurate 
explanation.        
While Trundle et al. (2007) showed students shifting back and forth from “alternative” to 
scientific views, Barnett and Moran (2002) claim that conceptual change can be facilitated 
through reflection of one’s views.  They investigated 14 fifth-grade students’ conceptions of 
Moon phases and eclipses with pre- and post-interviews around a 10-week project-based science 
course.  They claimed that all students had some sort of mental model of the Earth/Moon/Sun 
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relationship prior to class.  These models were often disjointed and unconnected, such as not 
connecting explanations of the new and full Moon.  By the end of class, students tended to 
connect the new and full Moon by explaining that the Moon orbits the Earth.  The authors 
concluded that the students needed to reflect on their prior understandings in a way that allowed 
them to think about the relationship between these ideas and the ideas that they are trying to 
learn.   
In addition to reflection, Taber (2001) concluded that conceptual change could take a 
long time to occur.  He presented a case of a university student’s long-term (2-year) conceptual 
evolution while experiencing a Chemistry curriculum.   The student utilized 3 explanatory 
frameworks throughout the course.  While he shifted from one explanatory framework to another 
during the 2-year sequence, he continued to use the lower-level explanation throughout the 
course in addition to the high-level explanations.   Taber claims that this shows that the student 
didn’t undergo a complete “conceptual revolution” but rather an “evolution” where the higher-
level explanation became increasingly dominant.  Taber claimed that the student was in an 
intermediate state at the end of the study, which corresponded with Vygotsky’s zone of proximal 
development. 
Hamza and Wickman (2008) provided evidence that students start with their initial 
conceptions and build upon these in attempt to achieve higher understanding.  They audio 
recorded eight pairs of Swedish upper secondary students throughout a laboratory activity in 
order to study the role of misconceptions in such an activity.  They initially hypothesized that 
misconceptions would constrain students’ reasoning by halting it or causing it to go in unwanted 
direction.   But they found that misconceptions that appeared in the students’ conversations as a 
result of their reasoning did not interfere with learning because the students didn’t consider them 
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valid explanation for the lab observations.  They stated that student discussion that may have led 
to the development of a misconception instead may have positively contributed to the students’ 
learning by promoting students’ sense-making of other components of the problem.  In the 
context of the study, they concluded that misconceptions do not always lead to negative impacts.    
In Hamza and Wickman’s (2008) study, misconceptions play a role in aiding the 
understanding of the laboratory.   Similarly, Rosenberg et al., (2006) conclude that activation of 
a specific “resource” could aid student learning.    In an 8th grade science class, 11 students were 
tasked with constructing the rock cycle.  Initially, students treated knowledge as isolated simple 
pieces of information.  When the teacher stated, “start from what you know, not from what the 
paper says”, students shifted their strategy that looked into their own reasoning to reconcile gaps 
and inconsistencies that arose.  Rosenberg et al. (2006) claimed that the teacher’s statement 
activated a “resource” within the student’s abilities.  Rosenberg et al. (2006) argued that this 
corresponds with Hammer and Elby’s (2003) view of multiple epistemological resources.  They 
cite Smith et al. (1993) to show that knowledge can be disintegrated into small bits that are 
neutral (in terms of correct conceptions or misconceptions) until activation.    
These studies provided some empirical evidence supporting current conceptual change 
theory.  Students advance their knowledge by building upon what they know (Smith et al., 1993), 
which is evidenced in Jones et al. (2000) when 5
th
 graders constantly referred to their prior 
experiences when learning about heat and convection.   Conceptual change is gradual, as can be 
seen in the 2-year case study of a Chemistry student (Taber, 2001).  Taber’s case study also 
showed that students try to merge their personal conceptions with the scientifically accepted 
ones, which creates a hybrid state of understanding.  Students in the hybrid area could flip-flop 
between the alternative and scientific conceptions, possibly reverting back to the alternative.  
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This was evidenced in Trundle et al’s. (2007) study of pre-service teacher conceptions of the 
Moon phases.  Students’ conceptual change progression could be fostered by students 
metacognitively reflecting their prior conceptions, as suggested by Barnett and Moran (2002).  
This supported Smith et al.’s (1993) statement that students build knowledge upon their original 
ideas, including misconceptions.  Hamza and Wickman’s (2008) study of a chemistry laboratory 
activity for high-school students also supported Smith et al.’s (1993) claim that misconceptions 
can aid learning.  Hammer’s theory (2004) that misconceptions result from the inappropriate 
activation of a resource is supported by Rosenberg et al.’s (2006) findings.   All of the studies 
described in this section provide empirical evidence that supports conceptual change theory.  
Despite the empirical support, the researchers  call for more research in the area of conceptual 
change to supplement their findings.    
 
2.3 Prior Climate Change Conception Studies   
This section of the literature review includes results from studies about students’ 
conceptions of climate change.  Most of the prior studies focus on student misconceptions at 
grade levels varying from elementary school to graduate school.  Boyes and Stanisstreet (1992 
and 1993) found similar percentages older and younger students had the misconception that the 
ozone hole caused global warming.  Since misconceptions could prevail across ages, this 
literature review includes misconceptions from students from elementary- to graduate -levels.    
It is important to consider misconceptions because they can appear as a student attempts to 
understand scientific concepts taught in school.  They can also appear as a result of the students’ 
initial interpretation of the world around them.  Finally, misconceptions play a major role in 
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conceptual change, so it is important to know about previously characterized climate change 
misconceptions.     
The first part of this section discusses students’ climate change misconceptions 
characterized by prior studies.  The second part reviews climate change understanding studies 
which have been informed by conceptual change theory.   
 
2.3.1 Characterizing Climate Change Misconceptions in Students 
The papers that characterize students’ “misconceptions” also use the term to describe pre-
conceptions, alternative ideas, naïve ideas, or incorrect ideas (Smith et al., 1993).  In this section, 
I use the term “misconception” to describe inaccurate ideas, including misconceptions that are 
hard to change, students’ preconceived ideas prior to receiving formal instruction, and incorrect 
ideas that prior researchers define as “misconceptions.”   
 
2.3.1.1 Greenhouse Effect Misconceptions 
A majority of the climate change misconceptions identified by prior research were related 
to the greenhouse effect.  This process is a key component of climate change, as increases in CO2 
and other greenhouse gases enhance the greenhouse effect.  Some studies characterized 
inaccurate models that students have about the greenhouse effect process.  Andersson and Wallin 
(2000) solely analyzed written responses to open-ended questions in order to capture elementary 
and high school students’ climate change understanding.  Dove (1996) administered to 60 pre-
service teachers a greenhouse effect questionnaire that included short answer and multiple choice 
questions with reasoning prompts.  Khalid (2003) administered Dove’s (1996) closed form 
questionnaire to pre-service teachers.  Koulaidis and Christidou (1998) interviewed 40 
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elementary students who did not have any direct instruction on the greenhouse effect.  
Shepardson (2009) analyzed secondary students’ responses to open-ended questionnaires.  
Gautier et al. (2006) interviewed eight college students before, during, and after a semester-long 
geography class titled “Mock Environmental Summit.”   Summers et al. (2001) interviewed 
twelve primary teachers for validity, developed a closed-form (true/false) assessment based on 
his qualitative analysis of the interviews, and then quantitatively surveyed approximately 350 
pre-service and in-service teachers for prevalence.  Matkins and Bell (2001) interviewed fifteen 
pre-service elementary teachers before and after a science teaching methods class that involved 
hands-on activities about climate change and the nature of science. 
These studies found that students have the following inaccurate ideas about the 
greenhouse effect: 
1. Students think that there is a barrier in the atmosphere that could be made up of 
greenhouse gases (Andersson and Wallin, 2000).   
2. Students think that a barrier of greenhouse gases in the atmosphere does not allow 
radiation to enter or exit the Earth (Andersson and Wallin, 2000, Shepardson et al., 
2009). 
3. Students think that the greenhouse gas “barrier” “reflects” outgoing energy back to Earth, 
which would otherwise travel out to space (Andersson and Wallin, 2000; Shepardson et 
al., 2009). 
4. Students think that all of the Sun’s energy that meets the Earth’s surface “reflects” back 
towards space (Gautier et al., 2006).  They do not understand that the Earth’s surface 
absorbs this short-wave radiation and emits long-wave radiation.  
 31 
 
5. Students do not distinguish between incoming short-wave and outgoing long-wave 
radiation (Dove, 1996). 
6. Students think that the reduction of the ozone layer leads to more radiation (Andersson 
and Wallin, 2000; Koulaidis and Christidou, 1998; Dove, 1996). 
7. Students think that incoming visible radiation from the Sun is absorbed by the 
greenhouse gases.  This neglects the role of outgoing infrared radiation (Khalid, 2003). 
8. Students attributed the greenhouse effect to an increase in ultraviolet (UV) radiation, 
rather than correctly focusing on the absorption and emission of infrared (IR) radiation 
(Koulaidis and Christidou, 1998). 
9. Students thought that the greenhouse effect was entirely human-caused and not natural 
(Summers et al., 2001; Matkins and Bell, 2001).        
10. Students confused of the greenhouse effect with the function of an actual greenhouse.  
Twenty-five percent (25%) of Shepardson et al.’s (2009) middle and high school subjects 
literally drew a greenhouse when prompted to “draw your understanding of the 
greenhouse effect”.  Koulaidis and Christidou (1998) found this in elementary students, 
as well.   
11. Students think that the greenhouse effect is “bad” (McCaffrey and Buhr, 2008).   In other 
words, students think that the greenhouse effect is synonymous with global warming.    
Additional studies investigated the reasons for these inaccurate ideas.  Osterlind (2005) 
and Shepardson et al. (2009) investigated reasons why students inaccurately referred to UV 
radiation rather than IR radiation when discussing the greenhouse effect.  They found that the 
inaccuracies could be a result of the confusion over the role of different wavelengths of radiation 
and the processes of absorption and emission in the greenhouse effect.  To identify this, 
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Osterlind (2005) observed and documented student case studies of three 8
th
 grade students.   She 
observed their struggle to understand climate change while learning about the “intensified 
greenhouse effect” and ozone depletion.  Shepardson et al. (2009) obtained their information by 
analyzing open-ended questionnaires. 
Besson et al. (2010) found that the lack of understanding of the role of the wavelength of 
radiation may be due to students’ lack of understanding of the interaction between matter and 
radiation.  They used an open-ended test to pre-assess 51 undergraduate Math, Physics, and 
Engineering students.  Only 6% of the students correctly explained the role of radiation in global 
warming.  They developed a teaching module that included lectures and outdoor laboratory 
activities, designed to improve student understanding of radiation.  Eight students experienced 
this curriculum, and on the post-test, displayed improved understanding of the role of on the 
interaction between matter and radiation.   
 
2.3.1.2 Misconceptions About the Process of Climate Change 
Other inexact ideas eliminate all formal descriptions of the greenhouse effect process.  
Some students inaccurately attribute global warming to an increase in amount, or concentration, 
of radiation (energy) from the Sun (Groves and Pugh, 1999; Jeffries et al., 2001).   Groves and 
Pugh (1999) found this when they investigated 300 college undergraduates majoring in various 
subjects.    Jeffries et al. (2001) researched 250 college undergraduates majoring in biology. 
They both utilized a closed-form Likert-scale questionnaire initially developed by Boyes and 
Stanisstreet (1992, 1993). 
Pruneau et al. (2003) found that middle school students incorrectly thought that climate 
change was caused by the Sun being able to reach more locations on Earth.  They interviewed 39 
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students about their understandings of climate change before and after conducting a group 
project, which involved learning in a social environment, and whose goal was to foster 
conceptual change on climate change.  The post-treatment interviews showed improvements in 
students’ understanding of climate change, as opposed to the numerous “I don’t know” responses 
during the pre-treatment interview.  
Mason and Santi (1998) identified inaccurate ideas attributing modern climate change to 
volcanism and the “straightening of the Earth’s axis” in interviews of 22 Italian 5th graders.   
They identified these in their investigation of the conceptual change that results from class and 
small group discussions on the enhanced greenhouse effect.   
Mason and Santi (1998) also documented the case of a student who attributed climate 
change to a “dome of sprays”, indicating that elementary students may be confusing climate 
change with another environmental problem, the ozone hole.  When scientists found that 
chlorofluorocarbons (CFCs), used in propellants and refrigerants, depleted the ozone layer, 
governments banned the use of CFCs.  The student who attributed climate change to a “dome of 
sprays” could be referring to spray from the spray cans that once used CFCs.  The authors 
concluded that the student may be confusing environmental issues and displays a lack of 
knowledge about the causes of ozone depletion.   
 
2.3.1.3 Misconceptions About Greenhouse Gases 
Prior research documents confusion over greenhouse gases themselves.  For example, 
Matkins and Bell (2001) found that pre-service teachers did not have a good understanding of the 
nature of greenhouse gases, meaning their defining characteristics.  They assessed 15 pre-service 
teachers before and after a science methods class that included hands-on activities, weather 
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observations, class discussions, and meetings with scientists.  They found that some students did 
not understand the difference between particles and gases.  Students also confused isotopes with 
greenhouse gases.  Finally, some pre-service teachers displayed that they were not aware that 
greenhouse gases occur naturally in the environment because they only listed CFCs under 
greenhouse gases.  Rebich and Gautier (2005) concluded that college students may have limited 
knowledge of greenhouse gases because none of their subjects indicated that water vapor is a 
greenhouse gas.   
 
2.3.1.4 Misconceptions Related to Climate Change and Ozone Depletion 
The most documented climate change misconception is students’ confusion of climate 
change/global warming with the ozone “hole” over Antarctica.  Prior research showed there are 
many varieties of statements that show students’ confusion about the ozone hole and climate 
change.  The most common form is the misconception that the ozone hole allowed more 
radiation into the atmosphere, which in turn led to global warming (Cordero, 2008; Kerr and 
Walz, 2007; Khalid, 2003; Summers et al., 2001; McCaffrey and Buhr, 2008; Boon, 2009; 
Hansen 2009; Jeffries et al., 2001).  Although global warming and ozone depletion both involve 
the interaction of radiation with the atmosphere, radiation plays a different role in each 
environmental problem.  The warming impact of the additional UV rays allowed into the lower 
atmosphere by O3 depletion is insignificant when compared to the warming impact from the 
greenhouse gases.  
Studies found varying results related to the impact of curriculum on this inaccurate idea.  
Cordero et al. (2008) found that an 15-week meteorology course yielded little improvement in a 
group of college undergraduates who had this ozone hole misconception.  He divided an 
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introductory-level meteorology classes into a control group and a treatment group, who 
completed ecological framework (EF) homework.  He pre- and post-assessed the groups using a 
closed-form Lickert-scale questionnaire.  He found that the treatment group performed better on 
the post-test on items that were directly related to the EF homework, such as the connection 
between personal energy use and global warming.  He found that both groups demonstrated little 
average improvement in the confusion between the ozone hole and global warming even after 
taking the entire meteorology course. 
Differently, Kerr and Walz (2007) found improvement in 91 college first-year general 
chemistry students’ ozone hole understanding as a result of an online environmental chemistry 
curriculum.  They assessed the students’ understanding of ozone depletion prior to, during, and 
after the curriculum.  At the beginning, 17% of students believed that global warming was 
caused by a hole in the ozone layer and 40% said that global warming resulted in ozone 
destruction.  On the post-assessment, 90% recognized that the greenhouse effect and ozone hole 
are caused by different mechanisms.   
  Confusions between ozone and climate change seemed to be more prevalent in recent 
years despite awareness of its existence from older studies, such as the Boyes and Stanisstreet 
studies of the 1990s (Boon, 2009 and Hansen, 2009).  Hansen (2009) investigated ozone and 
greenhouse effect understanding among three cohorts (1989, 1993, and 2005) of high school 
students administering a 7-question True/False questionnaire to 348, 354, and 440 high school 
students in 1989, 1993, and 2005, respectively.  The percentage of students who incorrectly 
indicated that “the greenhouse effect is caused by ozone gas (O3) in the ozone layer” increased 
from 14.9% in 1989 to 27.5% in 2005.    
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The increased confusion could be due to a reduction in ozone knowledge in cohorts of 
students.    Boon (2009) analyzed written responses to open-ended questions in order to capture 
389 Australian secondary school students’ climate change understanding.   She compared these 
year 2007 results to data she gathered in 1991 with 351 British secondary students.  She found no 
significant difference in students’ understanding in 2007 compared to 1991, but she did find that 
the 2007 students used terminology that was more vague than students in 1991.  For example, the 
Australian students thought that the ozone layer protected them from “something”, but this  was 
“hazy in the students’ minds”.  Boon (2009) cited students’ misunderstanding of the greenhouse 
effect and students’ difficulty in assimilating complex interaction between chemical reactions 
and physical properties as reasons why the misconception exists.  
Another misunderstanding related to ozone was that an increase in UV would increase 
temperatures (Boyes and Stanisstreet, 1998 and Meadows and Wisenmeyer, 1999).  Francis et al. 
(1993) and Meadows and Wisenmeyer (1999) concluded that confusions over the role of 
radiation may have caused students to incorrectly think that a bigger ozone hole would allow 
rays to shine on the ice (at the South Pole), which melts the ice.  Francis et al. (1993) 
administered a closed-form Lickert-scale assessment to 563 elementary students (aged 8-11).  
They subsequently interviewed 15 of the students to gain insight into their responses.  Meadows 
and Wisenmeyer (1999) reviewed Francis et al.’s (1993) and Rye et al.’s (1997) studies, 
compiled findings, and focused on the ozone hole misconception.  They suggested addressing the 
misconceptions by presenting the learner with experiences that involve cognitive conflict.   
The misconception of the ozone hole causing global warming exists across all ages of 
students.  Boyes and Stanisstreet (1993) calculated the prevalence of misconceptions among 
middle and high school students.  They analyzed the results according to 5 age groups (11-12, 
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12,-13, 13-14, 14-15, and 15 -16 year olds) and found that, while the frequency of other 
misconceptions decreased as age increased, the frequency of the misconception that global 
warming is due to the ozone hole remained constant.  Boyes and Stanisstreet reported similar 
findings during their 1992 report, while comparing college students to secondary school students.  
Similar to secondary school students, college students incorrectly linked ozone depletion and 
global warming.   
The findings of these studies, that the misconception that the ozone hole causes global 
warming exists despite advances in grade level, show that this misconception could be strongly 
embedded in students’ minds.  Other misconceptions do not display the same consistency.  
Boyes and Stanisstreet (1993) found that students’ knowledge of the greenhouse effect increases 
from age 11 to 16.  The understanding of the importance of renewable energy improves 
throughout high school.   Students’ incorrect link between a nuclear arsenal and global warming 
is less prevalent in older students.  Therefore, some of the other misconceptions documented by 
prior research are not as robust as the ozone hole misconception.  
There are other forms of student misunderstanding about the ozone layer and climate change.  
These are listed below:   
1. Students think that carbon dioxide causes ozone depletion (Rye and Rubba, 1998; 
Meadows and Wisenmeyer, 1999; and Rye et al., 1997).    
2. Elementary students incorrectly think that carbon monoxide (CO), a by-product of 
combustion, breaks down the ozone hole (Khalid, 2001). 
3. Students incorrectly confuse (Khalid, 1998; Matkins and Bell, 2001; Hansen 2009) or 
attribute (Khalid, 1998) the greenhouse effect to the ozone hole.   
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4. Students attribute skin cancer to global warming, which is a consequence of ozone 
depletion instead (Boyes and Stanisstreet, 1992; Boyes and Stanisstreet, 1994; Groves 
and Pugh, 1999; Jeffries et al., 2001; Pruneau, 2003).    
5. Students incorrectly think that ozone depletion is caused by factories and car exhaust.  
(Boyes and Stanisstreet, 1994).  These are causes of global warming and acid rain rather 
than ozone depletion, and indicated that students could mix-up or generalize causes of 
many environmental ailments.   
6. Students confuse ozone depletion with rainforest destruction and acid rain (Boyes and 
Stanisstreet, 1992, 1994; Groves and Pugh, 1999; Jeffries et al., 2001).   
The misconception that the ozone hole causes climate change may be supplemented by 
other inaccuracies specifically related to the ozone hole.  For example, Leighton and Bisanz 
(2003) interviewed 24 Kindergarteners, 48 3
rd
 Graders, 24 5
th
 graders, and 24 university students 
about their terms, facts, and models of the ozone layer and ozone depletions.  They found that 
young elementary students (K-2
nd
 grade) thought that the ozone hole was a hole in the ground.  
Older elementary students envisioned the ozone hole as a puncture.  Both of these models are 
concrete or literal interpretations of the word, “hole.”  Children who reason about abstract 
concepts using models may initially create models that parallel concrete experiences (Vosniadou 
and Brewer, 1992).  Leighton and Bisanz (2003) found that university students knew more about 
ozone depletion than elementary students did, so understanding of some of the abstract concepts 
improves as students grow older and have more educational experiences.  Boyes and Stanisstreet 
(1994) and Boyes et al. (1999) found that even high school students mistakenly think that the 
ozone hole will allow air to escape to space.  Students from these studies also indicated that they 
didn’t know what gases made up the ozone layer and what gases destroyed the ozone layer.  In 
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addition, Summers et al. (2001) found that pre-service teachers lack understanding of the ozone 
hole.  These inaccuracies could show that students have vague ideas about the ozone hole in 
general which could make it harder for students to understand the environmental impact of the 
ozone hole.  
A vast majority of the current studies identified that students confuse the ozone hole with 
climate change.  The misconception spanned various ages.  Perhaps this is because both 
problems relate to an atmospheric and environmental problem.  Most of the studies focused on 
identifying the inaccuracies rather than finding out why it occurred.  When selecting focus 
students for my study, I utilized the existence of misconception as a major indicator of the 
students’ level of climate change understanding.   
 
2.3.1.5 Generalization of Environmental Problems 
Lack of knowledge about various environmental problems may lead students to 
generalize environmental problems in two ways.  They include confusing the causes and 
environmental impacts from different environmental problems, or making general, non-specific 
statements about climate change.  Prior research has identified instances of each.   
Students confuse climate change with other environmental problems (Boyes and 
Stanisstreet, 1992; Boyes et al., 1993; Khalid, 2003; Mason and Santi, 1998).  For example, 
Pruneau et al. (2003) found that middle school students thought that visible waste on the ground 
caused climate change.  While visible waste is an environmental problem and could affect the 
land and its residents by causing unnecessary pests that come with excessive litter and trash, it is 
not considered a cause of climate change.  Boyes and Stanisstreet (1992), Boyes et al. (1993), 
Groves and Pugh (1999), and Pruneau et al. (2003) found that in the same way, students 
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confused climate change causes, effects, and consequences with “pollution,” “acid rain,” 
“nuclear weapons,” “global biodiversity reduction,” “rubbish in rivers,” “street litter,” “leaking 
pollutants,” and “safe drinking water.”  One of the frequently documented misconceptions 
(Boyes and Stanisstreet, 1992, 1993; Boyes et al.1999; Francis et al., 1993; Groves and Pugh, 
1999; Jeffries et al., 2001) is the idea that lead-free gasoline will alleviate global warming.  
These studies conclude that confusion among environmental problems could trickle into 
confusion that a solution for one problem is a solution for climate change.  
This confusion could result from the juxtaposition of the various environmental problems 
in middle and high school Earth Science and Environmental Science textbooks.  Choi et al. 
(2009) found that acid rain and climate change were often discussed in the same chapter.  They 
also found juxtaposition of ozone with global warming and general pollution with climate 
change, perhaps promoting students’ misconceptions of the relationships among these topics.  
Topic juxtaposition or simply the relation to the environment could lead students to think that all 
environmental harms cause climate change (Gowda et al.,1997).  But a second reason for this 
could be students’ generalization of environmental problems and solutions. 
Generalization is the lack of specific terms and mechanisms in students’ description of 
climate change causes, impacts, and possible solutions.   For example, Shepardson et al. (2011) 
found that middle and high school students (29% of the 51 subjects) used the term “air pollution” 
to name the cause for the increase in atmospheric carbon dioxide levels.   The term “air 
pollution” is often used to describe constituents that lead to air quality degradation, such as 
particulates, sulfur dioxides, and nitrogen oxides, but do not necessarily lead to climate change.  
“Air pollution” could also include constituents that lead to ozone depletion, such as 
chlorofluorocarbons, and constituents that lead to climate change, such as excess carbon dioxide.  
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However, CO2 is not on the US EPA’s regulated pollutant list.  The term “air pollution” is very 
general since it doesn’t necessarily apply to a specific environmental problem.  Students’ use of 
this term shows that while they are able to generalize, they may not be able to name the specific 
cause of climate change.   
Another generalization identified by prior research included the notion that “pollution” in 
general causes global warming (Choi et al. 2010; Koulaidis and Christidou, 1998; Rebich and 
Gautier, 2005; Shepardson et al., 2011).  Rebich and Gautier (2005) found that college students 
associated greenhouse gas emissions with the term “pollution” indicating that they didn’t know 
specific greenhouse gases.   Kouladis and Christidou (1998) concluded that some elementary 
students (37.5% of their 40-student sample) related the greenhouse effect to ambiguous terms, 
such as “atmospheric pollution.”  The generalization witnessed in students showed a lack of 
understanding of detailed concepts and could lead to the generalization that any environmentally 
friendly action will help any environmental problem, as observed by Boyes et al. (1993) and 
Boyes and Stanisstreet (1993).  Confusing “pollution” and climate change could result from the 
close appearance of these terms in middle and high school Earth and Environmental Science 
textbooks (Choi et al., 2009). 
As seen from the discussion above, generalization has two forms: students’ implicit 
generalizations leading to confusions among environmental problems and students’ explicit use 
of general terms.  Both could result from a lack of understanding of the specifics of climate 
change.  In the first form of generalization, students incorrectly intertwine causes, effects, and 
solutions for specific environmental problems.  In the second, students use “pollution” or “air 
pollution” to describe the causes of climate change, but they do not get more detailed.  Both are 
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related to students’ lack of understanding of and potential inability to distinguish between 
mechanisms driving each environmental problem.   
 
2.3.1.6 Misconceptions Relating to Carbon and Carbon Dioxide 
Prior research has documented student misconceptions relating specifically to carbon and 
carbon dioxide in the Earth system.  These include misconceptions relating to photosynthesis and 
respiration as well as the cycling of carbon and its transformation from one form to another.       
It also includes misconception relating to carbon reservoirs. 
The misconception that plants acquire their mass from the soil, and not the air, was 
widely documented (Ebert-May et al., 2003; McCaffrey and Buhr, 2008; Scheps and Sadler, 
1985).  This is pertinent to climate change because it related to the uptake of carbon dioxide, a 
key component of the short-term carbon cycle.   
Osterlind (2005), Ebert-May et al. (2003), and Summers et al. (2001) documented 
students’ misunderstandings related to the cycling of carbon in and out of the atmosphere.  In a 
case study, Osterlind (2005) presented a middle school student’s inability to recognize the impact 
of photosynthesis on climate change.  The student didn’t recognize that photosynthesis involves 
the uptake of carbon dioxide from the atmosphere.  Using data from 106 students’ short-answer 
exams, Ebert-May et al. (2003) found that some college biology students didn’t know that carbon 
dioxide is respired during decomposition even though they were taught about the carbon cycle.  
Summers et al. (2001) discovered that pre-service and in-service elementary teachers had a lack 
of understanding of the role of carbon in the decay and manufacture of plant and animal tissue.  
The study also concluded that these pre-service teachers didn’t quite understand the role of 
carbon dioxide in photosynthesis, respiration, and global warming.  They identified that these 
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teachers displayed lack of understanding of carbon in fossil fuels and the release of this carbon 
into the atmosphere from combustion.  
Other studies document misconceptions about the nature of carbon in the Earth system, 
specifically where it comes from and its role in the atmosphere.  McCaffrey and Buhr (2008) 
characterized the incorrect idea that fossil fuels have been around since the beginning of Earth 
and the incorrect idea that carbon combustion doesn’t impact the climate system.  Both of these 
were initially identified by Madsen (2007).  Madsen (2007) assessed 170 college students who 
were enrolled in an introductory-level Earth Science class before they had any instruction on the 
carbon cycle.  The assessment prompted students to describe a diagram of the carbon cycle and 
areas of possible human impact.  Madsen (2007) identified other alternative conceptions such as 
the idea that carbon moves between reservoirs similar to the way that water does, involving 
processes of evaporation and precipitation, and that humans cause “pollution,” which disturbs the 
carbon cycle.  The students did not identify the type of pollution.         
Another inaccuracy related to carbon involves the accumulation of carbon dioxide in the 
atmosphere.  Sterman (2008) asked graduate students to graph the carbon dioxide emission trend 
that will yield stable amounts of CO2 in the atmosphere.  He found that his sample of graduate 
students, three-fifths of whom possess science, technology, engineering, and math backgrounds, 
did not provide a feasible answer.  84% of students indicated that, in order for CO2 values to 
stabilize in the atmosphere, the emission rate needs to stabilize at its current value, which would 
still cause CO2 to accumulate in the atmosphere, because the current emission rate is higher than 
the removal rate.  Sterman (2008) concluded that this level of understanding correlates to “wait-
and-see” climate change policies that are insufficient in alleviating global warming. 
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2.3.1.7 Misconceptions Involving the Sun and Seasons 
Prior research identified two astronomy misconceptions that relate to climate change.  
Pruneau et al. (2003) documented that some students thought that changing seasons, such as 
from winter to summer, was climate change.  This could indicate a major misunderstanding of 
the definition and characteristics of climate change.  A popular Sun-related misconception is that 
the Earth is closer to the Sun in the summer, causing the summer to be warmer than the winter 
(McCaffrey and Buhr, 2008; Schneps and Sadler, 1985).  This is a common Earth Science 
misconception that Hammer (2004) suggested is a result of incorrectly activating the resource 
“closer is stronger.” 
 
2.3.1.8 Misconceptions Involving Weather and Climate 
Confusion between the terms “weather” and “climate” can result in students’ 
misunderstanding of the essence of climate.  A student’s misinterpretation of a weather event as 
a climate change could lead to misunderstanding of the entire climate change phenomenon.  For 
example, Gowda et al. (1997) stated that confusing weather and climate “leads students to make 
other mistakes, such as expecting that climate change signals will be manifest in short-run 
weather patterns and that it is possible to sense them directly” (page 2236).  McCaffrey and Buhr 
(2008) characterized the misconception that climate is long-term weather and therefore cannot be 
predicted.  Gowda et al. (1997) identified that confusion between weather and climate existed in 
high school students.   
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2.3.1.9 Global Warming is Natural 
McCaffrey and Buhr documented that some people think that that global warming is 
entirely natural (McCaffrey and Buhr, 2008 from Madsen, 2007).  While McCaffrey and Buhr 
classified this as a “misconception,” none of the other authors discussed this or included it in 
their misconception lists.  This idea is often pushed by people who think that humans are not 
affecting the climate and has become a highly debated idea in politics.  At present, the scientific 
consensus is that humans contribute to climate change, but due to the political debates many 
people do not accept this.   
 
2.3.1.10 Prevalence Across Age Groups 
Some studies made age-group comparisons of climate change understanding.  Andersson 
and Wallin (2000) researched elementary and high school students.  Boyes et al. (1993) and 
Papadimitriou (2004) compared elementary, middle school and high school students.  Boyes and 
Stanistreet (1993) examined the progression of climate change understanding from 5 cohorts of 
secondary students.  They found that the same misconceptions occurred across age groups.  
Francis et al. (1993) found the same thing except with different age groups of elementary school 
students (aged 8-11).   Rule (2005) investigated elementary school students with pre-service 
teachers.  She developed a closed-form questionnaire on fossil fuels by interviewing elementary 
students (n=72).  She administered the questionnaire to pre-service teachers (n=67) and found 
that the pre-service teachers had many of the same inaccurate ideas as the elementary students.  
Therefore, it is important to be aware of existing misconceptions from all ages because they 
could persist at the college level.      
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2.3.2 Climate Change Conception Studies Related to Conceptual Change Theory 
Current conceptual change theory coincides with the theory of constructivism.  Students 
construct new ideas based on their prior ones and other pieces of knowledge (Smith et al., 1992; 
diSessa, 1993).  Conceptual change occurs when a student advances his or her knowledge from a 
misconception.  Some of the aforementioned studies connect findings to conceptual change 
(Andersson and Wallin, 2000; Jakobsson et al., 2009; Leighton and Bisanz, 2003; Lester et al., 
2006; Mason and Santi, 1998; Meadows and Wisenmayer, 1999; Osterlind, 2005; Papadimitriou 
and Londridou, 2001; Pruneau et al., 2003; Rye et al. 1997).  The following descriptions show 
how these studies connect their findings to conceptual change. 
 
2.3.2.1 Reasons Why Climate Change Misconception Occur 
Prior climate change understanding studies identified reasons that misconceptions occur.  
First of all, climate change processes such as the greenhouse effect and the carbon cycle are 
complicated and involve many concepts, some which are abstract, meaning difficult for students 
to picture.  Many of these concepts have dual roles in 2 different processes (Rye and Rubba, 
1998).  For example, radiation is an important concept to the greenhouse effect.  Greenhouse 
gases absorb distinct wavelengths of radiation, most of which are classified as infrared radiation.   
Ultraviolet radiation is absorbed by ozone in the stratosphere, protecting life on Earth from its 
damage, such as skin cancer in humans.  Both wavelengths, infrared and ultraviolet, are part of 
the general concept of “radiation”, but each wavelength has its own role in the atmosphere.  
Students may confuse or substitute concepts with close relationships to each other.   
Secondly, substitution of concepts could cause students to construct explanations that are 
different than the scientific explanation.  These “alternative explanations” may be the most 
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logical explanations for the student to accept because they “work” well with their current 
experiences (Rye and Rubba, 1998), but may not “work” when they learn additional climate 
change information.  But if the student’s alternate explanation is not challenged with conflicting 
evidence, it could remain as the only explanation in the students’ brain.  Meadows and 
Wisenmayer (1999) and Osterlind (2005) suggest providing students with cognitive conflict, 
situations that do not “work” with their constructed ideas.   The challenge of doing this is that 
many of the climate change processes involve abstract concepts, such as radiation, that the 
student cannot visualize (Rye and Rubba, 1998).  Therefore, the instructor must rely on evidence 
from texts and scientific journals to provide the cognitive conflict necessary for the student to 
begin to rethink their original conceptions.   
Osterlind (2005) concluded that students may lack domain-specific knowledge needed to 
fully understand the greenhouse effect and the depletion of the ozone layer.  In her case study, 
she highlighted one student who failed to understand the entirety of the greenhouse effect 
because the student didn’t distinguish between aspects of radiation: that radiation could be in 
many different forms and from different sources (Earth, Sun).  Osterlind (2005) claimed that this 
caused the student to create a different explanation of the greenhouse effect stating that the ozone 
hole allows more sunlight in, leading to global warming.  Osterlind (2005) concluded that the 
absence of cognitive conflict (Nussbaum and Novick, 1982; Posner et al., 1982) caused the 
student to incorporate the alternative explanation into the greenhouse effect mechanism and 
called for differentiation between concepts that utilize similar terms, such as “radiation.”  
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2.3.2.2 Evidence that Supports Conceptual Change Theory 
Prior research on climate change understanding showed evidence that students construct 
their climate change knowledge.  The following summary shows examples that support 
conceptual change theory including construction of alternative ideas and hybrid models. 
Students construct conceptions from classroom instruction and also day-to-day life 
experiences.  Students “piece together” select explanations from classroom and daily life 
experiences and develop explanations that work within these experiences (Andersson and 
Wallin, 2000; Papadimitriou and Londridou, 2001; diSessa, 1988).  Andersson and Wallin 
(2000) concluded that students’ inaccurate idea that the thinning of the ozone layer will allow 
more radiation and promote warming fits well with their everyday experience of “less resistance 
makes it easier to get through.”  They called this the “experiential gestalt of causation” and stated 
that it is common to many alternative conceptions in science.  In a study involving interviews of 
13 students aged 12 to 18, Papdimitriou and Londridou (2001) found that students construct their 
ideas about scientific concepts as perceived through their senses rather than by applying 
scientific terms used in school.   Students’ ideas were also influenced by the mass media.   
   Sometimes students’ constructed explanations are not in line with the current scientific 
understanding of climate change concepts and thus could be misconceptions or alternative 
conceptions (Lester et al., 2006; Papadimitriou and Londridou, 2001).  For example, information 
supplied by the media and students’ sensory perceptions resulted in inaccurate ideas according to 
Papadimitriou and Londridou (2001).  They found that age was not a factor in whether or not the 
student constructed an idea inconsistent with scientific explanations.  In some cases, the younger 
students were more accurate than the older ones.   
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Sometimes students’ construction of alternative ideas increased with instruction.  Lester 
et al. (2006), asked 420 elementary school students to write a radio announcement concerning 
global warming and its consequences before and after an instructional unit called “The Living 
Planet.”   They found that as students’ correct conceptions increased through instruction, so did 
students’ alternative conceptions.  Lester et al. (2006) cite complexity of content as one of the 
reasons for students’ increase in incorrect statements after instruction.   
Though there are no climate change understanding studies that demonstrate the entire 
process of conceptual change, Leighton and Bisanz (2003) documented examples of how 
students attain hybrid conceptions.  In their investigation of kindergartners’, 3rd graders’, 5th 
graders’, and college students’ conceptions of ozone depletion, they identified hybrid models of 
understanding.  They claimed that since the students’ ideas were still progressing, 
misconceptions were part of the learning process, citing Vosniadou and Brewer (1992).  They 
concluded, “conceptual understanding in abstract domains might follow a hybrid path in which 
fragments characterize initial knowledge – especially among young children – followed by the 
evolution of cohesive models” (Leighton and Bisanz, 2003; page 134). 
Jakobsson (2009) concluded that some of his subjects (a working group of 4 high school 
students) were in a hybrid state or zone of proximal development as a result of a 6-week (20 
lessons) curriculum on climate change that challenged students to address contradictory claims 
about the Earth’s future climate.  For example, students needed to compare the idea that the 
Northern Hemisphere faces a new ice age with the idea that the average temperature is 
increasing.  The students consulted books, the Internet, articles, and discussed among each other.  
Jakobsson (2009) videotaped and analyzed these interactions.  He concluded that students 
struggle with a number of climate change issues, such as the difference between the natural and 
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the anthropogenic greenhouse effect, the role of greenhouse gases, and separating the ozone hole 
from the greenhouse effect.  He found that students identify gaps in their scientific reasoning and 
attempt to fill them by using the resources available (texts and discussion).  They may not be 
able to articulate specific principles, but are able to construct appropriate concepts, which may 
appear ambiguous, but actually may be in the hybrid state.  He concluded that the conventional 
questionnaires that claim to identify climate change misconceptions may be ineffective because 
they don’t take into account reasoning and hybrid conceptions that occur in the process of 
conceptual change.         
 
2.3.2.3 How Instructors Can Promote Conceptual Change 
Researchers of climate change understanding suggested ways to promote conceptual 
change.  These include encouraging cognitive conflict (Rye et al., 1998), encouraging social 
discourse among students (Mason and Santi, 1998) and allowing students’ time to process their 
understanding (Pruneau et al., 2003).   
Rye et al. (1998) supported cognitive conflict in the process of conceptual change.  They 
suggest using the example that ozone depletion leads to a cooling (in the stratosphere) rather than 
a warming as a way of enacting “disequilibrium” in those who have the ozone hole 
misconception.  They did not suggest that instructors avoid talking about ozone when teaching 
about global warming.  They claimed that the misconception would continue from students 
hearing about ozone in the media and connecting it to climate change because both are important 
to atmospheric change.    
Mason and Santi (1998) proposed yet another method to achieve conceptual change, 
encouraging social discourse among students.  As part of an investigation of students’ 
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conceptions about the greenhouse effect and global warming, they audio-recorded 22 5
th
 grade 
students  as the students experienced a curriculum that encouraged whole class or small group 
discussions.  Mason and Santi interviewed the students before and after the curriculum.  They 
concluded that these classroom methods helped students attach meaning to scientific concepts, 
which in turn helped them “anchor” new data to their previous knowledge.   
Despite instruction geared to achieving conceptual change, it is a gradual process.  
Pruneau et al. (2003) suggested that students need time to properly assimilate all notions related 
to climate change and to learn to practice new behaviors.  As students gradually achieve 
conceptual change, they may struggle with concepts and perhaps construct hybrid conceptions 
(Vygotsky, 1986), which are evidence of the students’ attempts to merge their experienced-based 
ideas with academic concepts they are taught in class.  Eventually, the student constructs a 
conception by continually piecing together bits of knowledge (diSessa, 1988).  The students’ 
final conception may be in line with the academic concept, although they started with their initial 
ideas.   
 
2.3.3 Summary 
Although there are many studies that document students’ misconceptions, there are not 
others that systematically track development of ideas across a college level course, and that do so 
informed by literature on conceptual change.  Rather than surveying a large amount of students 
for inaccurate ideas on climate change, I wanted to find out why and how students construct 
these ideas.  To do this, I needed to research a few students intensely and employ research 
techniques such as interviews that would give me the data necessary answer “how” questions.  
Although a few studies qualitatively investigated students’ ideas after lessons that included 
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climate change, none of the prior studies looked at students’ ideas across an entire climate 
change course.  None of the studies investigated the differences among lower- and higher-
achieving students.  Finally, only a few studies utilized conceptual change theory to inform the 
results.  I address these gaps with this research, in which I take an in depth look at students’ 
understanding of climate change through a college course.           
 
2.4 Research Questions 
I designed my study to address the following research questions:  
 What do students know about climate change atthe beginning of the semester?  
 How do those ideas change across the course of a climate change lecture class?  
 How does the trajectory of student ideas compare between students who were lower and 
higher achieving at the beginning of the course?    
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3 METHOD 
 
In this dissertation, I investigate five focus students’ ideas on natural climate change and 
anthropogenic climate change and the way these ideas change throughout a semester-long 
atmospheric science course dedicated to climate change.  In this methods chapter, I discuss the 
study design, data gathering, and data analysis that led to my findings. 
 
3.1 Research Setting and Subjects 
 
3.1.1 Study Design 
For this research, I focused on college-aged students at a large western state university.  
Atmospheric science professors often notice that college students struggle with understanding 
climate science, as indicated by students’ poor performance on homeworks and exams and their 
inaccurate statements during in-class discussions.  The professors noticed these lackluster 
performances in Atmospheric and Oceanic Sciences (ATOC) 1060, a freshman-level 
atmospheric science course that focused on climate change.   Therefore, I designed my study to 
investigate students who were enrolled in ATOC 1060.  One of the professors agreed to allow 
me to conduct my research in her classroom.  
Much of the past literature indicates college students could have ideas about climate 
change that are not necessarily accurate, called “misconceptions” by many of these past articles.  
I designed my study so that I could investigate potential inaccurate ideas held by college students 
and see how these ideas changed throughout the semester.  In order to fully investigate the 
nuances associated with students’ ideas, I chose to focus on a few students in the class rather 
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than everyone enrolled.   The small number (five) allowed me to gather detailed data on each 
student.  I used the data to better understand the students’ ideas.  A broad investigation of the 
entire class would not yield the level of detail that I wanted to acquire.  I designed this study to 
go deep instead of broad. 
I studied the students at various points in time during the semester.  I expected the 
students’ ideas to become more sophisticated because the class was completely about climate 
change.   
Rather than looking at similar students, I opted to study students that were different than 
each other.  What I wanted to be “different” was the level of climate change understanding that 
each student possessed at the beginning of the class so that I could compare and contrast students 
from different levels of climate change understanding in this research.   
I designed my study using three criteria, deep rather than broad, time-oriented, and 
starting with different levels of climate change understanding; along with the opportunity I had 
to research in a professor’s ATOC 1060 class.  Based on students’ performance on a first-day-of-
class assessment called the Climate Change Questionnaire (CCQ) and the students’ willingness 
to participate, I selected five students to study throughout the semester.  Each of the five 
students, who I call “focus students,” represented different level of climate change understanding 
at the beginning of the semester.  I interviewed each student four times throughout the semester 
using a semi-structured interview protocol, which included construction of a concept map.  The 
date of each interview was dependent on each student’s prior interview responses as well as the 
class schedule.  I strategically placed interviews at times where I thought I would witness an 
improvement in climate change understanding, such as after an exam.  To supplement the 
interviews, I observed all but one of the class lectures where I took field notes, gathered 
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classroom artifacts such as powerpoint presentations, homework assignments, and exams.  I 
photocopied my focus students’ homeworks, notes, and exams.  I also interviewed the professor 
4 times throughout the semester.  My data collection and thus the window for my investigation 
ended the day of the final exam.   
 
3.1.2 Course   
 ATOC 1060 – Our Changing Environment is an introductory-level large lecture hall 
science course and the second course in a two-course introductory course sequence.  Its course 
description is as follows:   
“Discusses the Earth's climate for non-science majors, focusing on the role of the 
atmosphere, oceans, and land surface.  Describes the water cycle, atmospheric 
circulations, and ocean currents, and how they influence global climate, El Nino, and the 
ozone hole.  Discusses human impacts from climate change.”   
ATOC 1060 partially satisfies the college’s natural science requirement.  The 
requirement is that students must take 13 semester credit hours of approved science classes, 
including a two- course sequence and a laboratory or field experience.  Most students take 
ATOC 1050 - Weather and Atmosphere prior to ATOC 1060.   Students often take a laboratory 
class, ATOC 1070 - Weather and Atmosphere Lab, in conjunction with ATOC 1050 or ATOC 
1060.   
The section in which I conducted my research was typical of ATOC 1060 in terms of the 
characteristics of students who take the course.  The students were college-aged (18 through 24).  
13% were freshmen, 54% sophomores, 22% juniors, and 12% seniors.   The top three majors of 
the enrolled students were: Open Option, Pre-Journalism and Environmental Studies.  11% of 
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students were science, math, or engineering students (including Environmental Studies and 
Geography).  The remaining 89% of students were non-science majors or undeclared (open 
option).   
 
3.1.3 Instructor 
The professor was a young, female recent doctoral graduate with three semesters 
experience teaching college courses.  Although this was the first time she taught ATOC 1060, 
she expressed a desire and interest in teaching college students and tried to develop lectures, 
homeworks, and activities that aid student learning.  She welcomed me into her classroom, 
where I sat with the students and recorded field notes on my observations of her and her class.   
 
3.1.4 Teaching Style 
Typically, the professor lectured during the class period utilizing powerpoint 
presentations with one to three “clicker questions” or one in-class activity.  Her powerpoint 
presentations contained a lot of words and pictures to represent concepts.  “Clicker questions” 
were multiple-choice questions that the students answered using remote control devices called 
“clickers.”  The professor typically asked the students to discuss their answers with their 
neighbor before responding.  On days when the clicker system was broken, the professor asked 
students to draw diagrams or explain a concept and turn these in for attendance credit.   
Exceptions to the typical lecture process included the movie “Crude,” a documentary 
about the oil industry, geology, and climate change, on March 3, 2010 and a guest speaker who 
talked about communicating scientific information on March 9, 2010.  There were 2 exams 
during the semester (February 11, 2010 and March 18, 2010) and one final exam, which was 
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cumulative (May 5, 2010).  The students’ grades were determined by their performance on the 
exams, attendance, and homework.  The professor assigned homework 5 times, and due dates 
were distributed evenly throughout the class.  The professor based most of her class material on 
the textbook, The Earth System, 3
rd
 edition by Kump, Kasting, and Crane and the supplemental 
book, Dire Predictions by Michael Mann and Lee Kump.  More details of the class topics and 
schedule can be seen in the course syllabus schedule in Appendix A.  
 
3.1.5 Researcher Role 
I attended all the ATOC 1060 lectures except one.  I sat with the students. My role in the 
room was that of an observer.  Students knew that I was a researcher rather than just another 
student because I made an announcement in front of the class for my consents.  I interacted with 
students during the in-class activities, just as a student in the class was instructed, but these 
interactions occurred approximately 5 times one to two minutes.   
 
3.1.6 Participants  
Participants in the study included the five focus students, the professor, and members of 
the class who consented to me analyzing their climate change questionnaire, which I used to 
select my focus students.  All students in the class, as well as the TA, and the outside speaker 
influenced my classroom observations.  The main focus of the study were my “focus students.”   
 
3.1.7 Climate Change Questionnaire 
Prior to the data collection period, I developed an assessment on climate change called 
the climate change questionnaire (CCQ).  I designed the questionnaire to capture students’ 
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climate change understanding at the beginning of the class and to allow me to classify them into 
one of five levels.  I developed the CCQ based on prior research that utilized assessments to 
measure student understanding of climate change (Jeffries et al., 2001, Cordero et al., 2008, 
Gautier et al., 2006, Groves and Pugh, 1999, Gowda et al., 1997, Dove el al., 2003, Pruneau et 
al., 2003, and Papdimitriou, 2004).  I selected individual questions from these assessments to 
include in the Climate Change Questionnaire.  I also considered possible misconceptions 
described in these papers and those that I thought existed based on my personal teaching and 
teaching assistant experience for ATOC 1060.  Please see Appendix B for details as to how I 
developed the CCQ from prior research. 
The CCQ was a 6-page assessment with 70 questions total.  The questionnaire contained 
three sections of similar-type questions.  Section 1 contained 47 Lickert-scale questions.  Section 
2 contained 19 Lickert-scale questions and required students to explain their answer.  Section 3 
contained three short essay questions that prompted students to write 1 to 5 sentences.  A copy of 
the CCQ and associated answer key is included in Appendix C. 
The professor administered the CCQ to the entire class as part of her curriculum.  
Students took the pre-class CCQ on January 12, 2010, the first day of the semester.  They 
completed an identical CCQ again on April 27, 2010, the second-to-last day of classes.  The 
professor administered both questionnaires, so every student in attendance took the CCQs. 
I used the results of the pre-class CCQ to develop a list of focus student candidates for 
five different beginning-of-semester levels of climate change understanding.  I selected my focus 
students using the lists and students’ willingness to participate in the interview portion of my 
study.   
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3.1.8 Climate Change Questionnaire Scoring 
I developed a scoring methodology for the CCQ that allowed me to classify students into 
one of five levels of climate change understanding.  The classification allowed me to select one 
focus student from each level so that I had a focus group who represented a wide range of levels.  
In this section, I discuss the development of this scoring methodology and how I applied it to 
CCQ responses.  First, I established a key for the CCQ.  In the process, I decided not to use some 
questions.  I called these questions ones that I “threw-out.”    
 There were three major reasons why I threw out questions.  I threw out questions that 
were ultimately opinion questions could not be scored.  I removed questions if there was no 
definitive right answer from the research.  Often these topics were areas of current research.  
Also, I removed questions that were confusing or could have multiple interpretations.  I 
identified these by observing a professor take the CCQ.  As he wrote in his answers, he talked-
through a couple of items.  His discussion allowed me to see how he perceived a certain 
question.  If his perception was different than mine, I concluded that the question could have 
multiple interpretations and therefore, I removed it from the scoring.  Appendix D contains a list 
and reasons for thrown out questions. 
I developed a scoring system for sections 1 and 2 of the CCQ responses.  I scored 
sections 1 and 2 of CCQ separately because they contain different multiple choice answer 
options.  Though separate, I considered both scores when selecting my focus students.  I used 
Statistical Package for the Social Sciences (SPSS) to compute all scores.  I calculated the 
following scores for each student: 
 Section 1 average cognitive scale score, “Section 1 Score” – weighted average score of 
performance on section 1 of the CCQ.  Possible score range: -1.00 to 1.00. 
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 Section 1 average sureness scale score, “Section 1 Sureness” – straight average of 
section 1 sureness scores.  Possible score range: -1.00 to 1.00. 
 Section 2 average weighted scale, “Section 2 Score” – weighted average of performance 
on section 2 of CCQ.  Possible score range: 1.00 to 5.00.     
I identified score ranges that would define the 5 levels of climate change understanding 
based on the class high and low scores for the Section 1 and Section 2 Scores.  Each level 
consisted of an equal range with the values between the class high and low scores.  
I assigned each student into a group based on their Section 1 Score and another group based 
on their Section 2 Score.  For score, group 1 indicated the lowest level of climate change 
understanding, while group 5 indicated the highest. The following tables show each group’s 
score range 
Table 3.1: Section 1 groups  
Group number 
Range of average cognitive 
scale  
Count of students in this 
group 
1 -0.020 to 0.149 24 
2 0.150 to 0.319 70 
3 0.320 to 0.489 46 
4 0.490 to 0.649 14 
5 0.650 to 0.820 5 
 
Table 3.2: Section 2 groups 
Group number Range of average scale  Count of students in this group 
1 2.230 to 2.699 5 
2 2.700 to 3.159 40 
3 3.160 to 3.619 70 
4 3.620 to 4.089 36 
5 4.090 to 4.540 8 
 
For more information on how I scored the CCQs, please see Appendix E. 
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The table below shows statistics of the class performance on the pre-class climate change 
questionnaire.   
Table 3.3: Pre-Class Climate Change Questionnaire statistics (N=159) 
  Section 1 Score Section 2 Score 
Average 0.31 3.39 
Median 0.29 3.35 
Standard Deviation 0.16 0.39 
Maximum 0.82 4.55 
Minimum -0.02 2.23 
Range 0.84 2.32 
Highest Possible 1.00 5.00 
Lowest Possible -1.00 1.00 
 
The score ranges for the Section 1 Score and the Section 2 Score were -0.02 to 0.82 and 2.23 to 
4.55 respectively.  The averages for section 1 and 2 were 0.31 and 3.39.  For a similar table 
showing the class Post-CCQ score please see Appendix F. 
 
3.1.9 Focus Student Selection 
I recruited volunteers from ATOC 1060 to be my focus students.  I needed a lot of 
volunteers since I wanted a representative from evenly distributed levels of pre-class climate 
change understanding.  I administered human subject research consent forms in accordance with 
Institution Review Board (IRB) protocols.  Students could consent to me using their CCQ for my 
research and volunteer to be a focus student.  159 of the enrolled students (214 total) consented 
to my use of their CCQ in my study.  76 students volunteered to be focus students.   137 students 
who consented took both the pre- and post-class CCQs.  
  To select the two lowest-performing (#1 and #2) and two highest-performing (#4 and #5) 
focus students, I looked for students who ranked in the same group for Section 1 and Section 2.  I 
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identified students who volunteered for the interview portion of my study, which narrowed the 
field.  In some cases, my choices were limited, but in cases where there were many options, I 
reviewed each potential subject’s climate change questionnaires.  I paid particular attention to 
their responses to the short answer questions in section 3 and explanation in section 2.  I selected 
students who performed poorly on ozone questions because I thought I thought that ozone would 
be something that I would focus on.   
My criteria for selecting the middle focus student (#3) were slightly different.  I 
employed the Section 1 Sureness because I wanted to find a student who appeared confident (had 
a high sureness score).  At the same time, I wanted this student to have a low Section 1 Score.  
This combination may identify a student who was certain about his or her incorrect ideas.  
After selecting a variety of candidates, I examined the candidates’ short answers in 
section 3 of the CCQ.  The student that I eventually selected fell into group 3 in Section 2 Score 
but group 1 for the Section 1 Score.  I selected this student even though she was not in group 3 
for both section 1 and 2 because I wanted someone who potentially had a misconception.   
The following table highlights my focus students’ CCQ scores and course grades. 
Table 3.4: Focus student CCQ scores and class grades 
Focus 
Student 
Section 1 CCQ Performance Section 2 CCQ Performance Course 
Grade 
# Name CCQ 
Score 
Class Rank 
(Percentile) 
Group CCQ  
Score  
Class Rank 
(Percentile) 
Group 
5 Lance 0.71 3 (98
th
) 5 4.17 7 (96
th
) 5 B+ 
4 Lauren 0.49 19 (88
th
) 4 3.85 18 (89
th
) 4 A- 
3 Charlotte 0.13 139 (13
th
) 1 3.48 64 (60
th
) 3 A- 
2 Austa 0.15 133 (15
th
) 2 2.97 136 (15
th
) 2 B 
1 Chris 0.12 141 (12
th
) 1 2.70 155 (3
rd
) 1 C 
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3.2 Data Gathering  
My goal for the data analysis was to collect qualitative data about my focus students and 
the ATOC 1060 classroom environment.   I gathered and began to analyze data while the course 
was in session.  I started data compilation, such as writing activity logs (interview transcripts 
combined with analytical notes) and developing codes during semester, but this continued 
beyond the semester timeframe.  I used analysis that I conducted during the data gathering phase 
to inform me of topics that I wanted to pursue during subsequent data gathering.  These topics 
were ones on which I would potentially focus my analysis.   
I collected data for my research through semi-structured interviews of my focus students 
which were my primary source of data for my case studies.  Other sources of data that 
supplemented my research include field notes from class observations, semi-structured 
interviews of the professor, and focus student’s written work and tests, including pre- and post-
class climate change questionnaires.   
 
3.2.1 Focus Student Interviews  
I scheduled all focus students’ initial interview as soon as I selected them as focus 
students.  These interviews occurred during the first 2 weeks of February, the 4
th
 and 5
th
 week of 
class.  I scheduled all subsequent interviews at the end of the preceding interview.  I selected 
interview dates based on points during the semester where I thought there would be significant 
changes to students’ climate change ideas, such as after a student finished studying for an exam.  
The interview dates varied slightly student-to-student.  Second interviews occurred up to three 
weeks after the first exam.   Focus students’ interview 3 occurred immediately after they studied 
for or took exam 2, which was on March 18, 2010.   Students’ fourth interviews were on the last 
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week of class.   Interviews average a total time of 1.7 hours.  A table of students’ interview dates, 
times, and durations is in Appendix G.  The following figure highlights the placement of the 
interviews.  
  
 
March 2010 
Sunday Monday Tuesday Wednesday Thursday Friday Saturday 
28 1 2          Class 15 
Chris 2 
3 4          Class 16 5 
Lance 2 
6 
7 8 9          Class 17 10 11         Class 18 
HW 3 Due 
12 13 
14 15 16        Class 19 17 18         Class 20 
Austa 3 
Lauren 3  
Exam 2 
19 
Chris 3 
Lance 3 
20 
21 22  Spring Break 23  Spring Break 24  Spring Break 25  Spring Break 26  Spring Break 27   
April 2010 
Sunday  Monday Tuesday Wednesday Thursday Friday Saturday 
28 29 30         Class 21 31 1          Class 22 2 
Charlotte 3 
3 
4 5 6          Class 23 7 8          Class 24 
 
HW 4 Due 
9 10 
11 12 13         Class 25 14 15         Class 26 16 17 
18 19 20        Class 27 21 22         Class 28  23 24 
25 26 27         Class 29 
Post-Class 
CCQ 
HW 5 Due 
28 
Austa 4 
29         Class 30 
Lance 4 
Chris 4 
 
30 
Charlotte 4 
Lauren 4 
 
1 
May 2010 
Sunday  Monday Tuesday Wednesday Thursday Friday Saturday 
2 3 4 5 
Final Exam 
6 7 8 
 
Figure 3.1: Semester calendar 
 
 
 
  
January 2010 
Sunday Monday Tuesday Wednesday Thursday Friday Saturday 
10 11 12  Class 1 
Pre-Class 
CCQ 
13 14  Class 2 15 16 
17 18 19 Class 3 20 21  Class 4 22 23 
24 25 26 Class 5 
 
Consent-day 
27 28  Class 6 
 
HW 1 Due 
29 30 
February 2010 
Sunday Monday Tuesday Wednesday Thursday Friday Saturday 
31 1 2 Class 7 3 4 Class 8 5 
Lauren 1 
Lance 1 
6 
7 8 
Austa 1 
9 Class 9 
Chris 1 
 
HW 2 Due 
10 
Charlotte 1 
11         Class 10 
 
Exam 1 
12 13 
14 15 
Austa 2 
16         Class 11 17 18         Class 12 19 
Lauren 2 
20 
21 22 23         Class 13 24 
 
Charlotte 2 
25         Class 14  26 27 
 
6
5
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I conducted all focus student interviews in a 15-person conference room in the ATOC 
department.  Besides myself and the focus student, no other people were present during the 
interviews.   I did not allow students to look at their notes during the interviews.  The one 
exception to this when I allowed focus student Chris to pull out his homework to show me what 
he missed.  I audio recorded the semi-structured interviews, but also wrote brief highlights of the 
interview conversation in a small spiral notebook.   
The interview protocol contained 3 types of questions, personal questions, general 
questions, and ATOC 1060-specific questions.  The interview protocol is located in Appendix H.  
I asked the personal questions only during the first interview, since this information is for student 
background and most likely did not change from interview to interview.  I asked the general and 
ATOC 1060-specific questions during all interviews.  Often during interviews, I would ask the 
student to elaborate on particular concepts.   
After every interview, I developed a list of topics that the student discussed that was 
interesting either because they spent a lot of time on the topic or because the topic caused 
confusion.  I consulted this list during subsequent interviews and asked student to again describe 
these topics.  This allowed me to see if the students ideas about a particular topic changed 
throughout the semester.      
During the interview, students had access to blank white paper and a pen, which they 
could use to write diagrams and other ideas during the interview.  I usually allowed the student to 
finish his or her answer to a question before speaking again.  I tried as best as I could to be 
neutral with my statements, but once in a while used the term “good” to in reference to the level 
of detail of the students’ answer.  I did not help my students get the right concept, even when 
they were frustrated and asked for my input.  I told them that I couldn’t help them.  I also 
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reminded them that it was acceptable for them to tell me if they were unsure about a certain 
concept.  I allowed my students to do the majority of the speaking during the interview.   
This part of the interview averaged 45 minutes for all focus students, with a minimum of 
31 minutes (Lance, interview 3) and a maximum of 71 minutes (Lauren, interview 1).  The 
details of the recorded interview length are included in Appendix G.   
During the second part of the interview, the student drew a climate change concept map 
on a 3 feet by 2 feet white board that I provided.   I did not audio record this portion of the 
interview.  The students  had unlimited time to complete this task, and took about 10 minutes to 
draw a concept map.  A complete description of the concept map protocol is in Appendix I.   
While the student drew their concept map, I photocopied the students’ exams, homework, 
and notes for my data.  After the student completed his or her concept map, I asked them to 
explain it aloud to me.  In some cases, this explanation time caused the student to realize that 
they needed to add or adjust their concept map.  If the concept map didn’t make sense when 
viewed without explanation, I asked the student to clarify by adding information.  After all 
adjustments were made, I asked the student to explain the map once more.  When the student left 
the interview, I took a digital photo of the students’ concept map.    
 
3.2.2 Ethnographic Journals 
A few hours after each interview, I recorded my thoughts in a “ethnographic journal”, or 
EJ.  These EJs were a brain-dump of the things that the student talked about in the interview and 
my thoughts on these.  They were approximately 1 to 3 pages long (single spaced) and 
highlighted the students concepts, possible inaccurate ideas, my thoughts on their progress, and 
any other analytical notes on the interview.  I used these EJs to identify topics of importance.  I 
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asked students about these topics of interest during later interviews.  I used the EJs to identify 
trends in student thinking during the analysis phase.   
 
3.2.3 Activity Logs 
Using the audio-records of the interviews, I created “activity logs” for each.  Activity 
logs come directly from replaying the interview.   They contain direct quotes from the interview, 
summaries of interview content, and preliminary analysis of the interview content.  Figure 3.2 
shows a picture of an activity log.   
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Figure 3.2: Sample activity log 
 
 
I chose to transcribe quotes based on whether the data was relevant to my research 
questions or would help me describe students’ backgrounds.  I summarized data that was not key 
to my research questions.  Concurrently, I analyzed the content by writing analytical notes in the 
activity log.  Analytical notes, denoted “AN” in the activity logs, are my thoughts and immediate 
analyses on interview content.  These included my thoughts as to whether or not a student’s 
conception was correct or naïve and highlighted interesting aspects of the students’ interview 
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data, which were things I possibly wanted to revisit during the data analysis phase.  These 
interview activity logs were my primary data source that informed my research.   
 
3.2.4 Student Artifacts 
I collected artifacts from all of my focus students, which included class notes, graded 
homework assignments, graded exams, and grade data.  I photocopied these while the students 
drew their concept maps.  I collected grade data from the professor, including clicker question 
and exam answers and scores, homework, attendance, participation, exam, and overall class 
averages.  I also had the students’ pre- and post- class climate change questionnaire responses.  
Artifact data supplemented the interview data.        
 
3.2.5 Field Notes 
I observed the ATOC 1060 lectures and exams 1 and 2.  During my observation, I wrote 
brief notes in a small spiral notebook about the class content, the professor, general actions of the 
entire class, specific actions of a student in class (if it were notable), and notable actions of my 
focus students.  I especially paid attention to questions posed by the professor or students and the 
resulting responses.     
After each class I observed, I recorded the jottings into an electronic document, which 
became field notes.  I tried to do this as soon as I could after the class in order to keep the content 
of my field notes valid and full.  My field notes included observations, analytical notes, and 
method notes.  I organized by field notes by adding headings and an abstract.  At the end of each 
field note, I included summary, reflection, and questions.  A table of my field notes, topic 
discussed, and the corresponding date is in Appendix J. 
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3.2.6 Classroom Artifacts 
To correspond with the field notes, I also collected classroom artifacts such as the 
professor’s powerpoint presentations, the homework assignment and answer keys, and the exams 
and answer keys.   
  
3.2.7 Professor Interviews 
I interviewed the professor 4 times throughout the semester to capture her reflections on 
the class.  These interviews were semi-structured, similar to the student interviews.  They also 
were shorter, ranging from 25 to 45 minutes, as the average length of these was 33 minutes, and 
occurred at the end of each four-week increment in the semester.  I audio recorded all professor 
interviews, which I held in her office or at her in her home.  No one was present during these 
interviews.  Appendix K contains the professor interview protocol.   
I posed the questions to the professor in an order similar to the order on the protocol, but 
sometimes expanded on these questions, especially if I wanted the professor to elaborate on a 
thought.  I posed each question and gave the professor unlimited time to answer.  Often, she 
responded with many details and lengthy explanations.  I jotted notes of the interview in a small 
spiral notebook.   
Similar to the EJ for the students that I interviewed, I composed EJs as soon as I could 
after interviewing the professor.  The EJs allowed me to capture the highlights of the interview.   
  I composed activity logs for three of the four professor interviews (interviews 1, 2, and 4) 
based on the professor’s audio-recordings.  Interview 3 is represented by an EJ.   I utilized the 
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same process that as the student interview activity logs, recording major quotes, analytical notes, 
and outlining minor aspects.   
 
3.3 Data Analysis 
  
3.3.1 ATLAS-TI 
To analyze my data, I employed a qualitative analysis data software called ATLAS-TI to 
improve my efficiency and data viewing ability.  I used the program to develop and assign codes 
to data and to query data for further analysis.  ATLAS-TI supported a hierarchy of codes and 
categories schemes.  It helped me to see trends in the data by aiding with data organization and 
readability.  Figure 3.3 is a screenshot of the ATLAS-TI program.  
Figure 3.3: ALTAS-TI interface 
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3.3.2 Preliminary Analysis  
I began to analyze my data prior to the end of data collection so that I could start to 
identify areas to focus my research.  Once I identified potential areas of interest, I asked the 
focus students more questions about these topics.  Areas of interest included the carbon cycle, 
climate feedbacks, the greenhouse effect, natural vs. anthropogenic climate change, and ozone.  
The first four stand out because I realized that they are critical components to a students’ 
understanding of climate change.  The concepts “fell-out” of the interview data as significant to 
me.  As for the fifth category, ozone, I imposed this topic into the interviews because as 
discussed in Chapter 2, the “hole in the ozone layer causes climate change or “global warming’” 
is an inaccurate idea identified in college students.  I often asked the student to “talk about what 
you know about ozone” in the interviews.     
Once the data collection phase was complete, I loaded my activity logs, field notes, and 
class artifacts into ATLAS-TI for analysis.  Since I designed the study to initially be open-ended, 
I had data about almost any aspect of climate change from the class.   I used the program to 
assign codes to the data, which were mostly topic-based (ex: greenhouse effect), as opposed to 
the student’s interpretation of the data.  These codes allowed me to group this data by topic.  I 
compiled the codes into categories, and called the resulting scheme the “topic-based coding 
scheme.”   A list of the code names of this coding scheme is located in Appendix L.   Throughout 
this process, I composed research memos on my hunches and hypotheses about my students’ 
ideas on a topic. 
I also reviewed each students’ set of concepts maps.  I identified interesting features of 
each students’ concept maps including inaccurate ideas, conflict between the students’ concept 
map and interview, and trends occurred throughout the semester.   
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I used ATLAS-TI to query data for a specific focus student and topic.  I composed 
research memos about the student’s ideas and progression throughout the semester.  This 
preliminary analysis helped me become extremely familiar with the data and supported deeper 
analysis that became the results of my study.   
 
3.3.3 Data Reduction 
The open-endedness of the data collection phase yielded a lot of data on a variety of 
climate change topics.  I decided to carve out a section of data related to one topic so that I 
would focus my analysis and spend more time deeply investigating students’ ideas rather than 
broadly surveying them.  My decision to narrow the data corresponded with my study goals and 
research questions.  I wanted to investigate conceptual change and to do so I needed to explore 
all related ideas and nuances.  In order to get this close, it became necessary to carve out a 
section of data and focus on it.   
 It was my goal to narrow the data to a manageable portion that would possibly lead to 
findings unique to this research.  Also, I aimed to maintain the integrity of the research design, so 
I wanted to ensure the carve-out spanned most of the course and subjects.  With this in mind, I 
developed a set of criteria that would help me select the topic.  My selection criteria were: 
1. The topic must be covered in at least 3 of the focus students’ activity logs. 
2. The students who cover the topic must have covered it in at least 2 of their interviews. 
3. The topic will be one in which the students struggled or demonstrated conceptual change.   
Some features of this include the student demonstrating inaccuracies or potential 
misconceptions during the interview or incorporating prior knowledge into his or her 
current conceptions. 
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4. In case of a tie, the selected topic should be the one that is the least researched in order to 
potentially uncover something original. 
I applied these criteria to the list of topics I developed from my preliminary analysis.  The 
preliminary analysis also gave me data familiarity necessary to judge the choices.   Using the 
criteria, I selected to focus my research on student understanding of natural and anthropogenic 
climate change.     
After selecting natural and anthropogenic climate change as my focus topic, I carved out 
only the data that corresponded to this topic.  I selected codes from the topic-based coding 
scheme that related to natural or anthropogenic climate change.  My selection of these codes was 
informed by my experience and knowledge as a result of my coding scheme development.  The 
codes that I used to pull the data are located in Appendix L. 
I used ATLAS-TI to query the interview data related to these codes.  From this point on, I 
only worked with this set of data that I carved-out from the rest.  I referred back to my larger 
data set occasionally to make clarifications, but all of my analysis centered on this carved-out 
data set.   
 
3.3.4 Coding and Categorization 
I developed a coding scheme from the natural and anthropogenic data set.  I coded and 
categorized the subset of data using open coding or inductive coding (Glaser and Strauss, 1967). 
When coding, I focused on students’ conceptions, ideas, constructs, rather than whether these 
were right or wrong.  This approach resulted in codes that captured students’ ideas succinctly and 
that were important from a conceptual change perspective.  I wanted to maintain codes with a 
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fairly small grain size.  These codes proved fruitful for investigating students’ conceptions and 
how they change over time.   
The unit of analysis for my coding scheme was a chunk of data a few sentences in length, 
and defined by a few criteria.  I divided the data into a chunk each time I asked the student a 
question to explain something.  I also split the data if the student switched topics in the middle of 
their response. I only split the data in between sentences, so if the student switched mid-sentence, 
the break occurred after the end of the sentence.  I didn’t break the data if the student listed 
topics but didn’t describe them.  I coded each chunk of data with unlimited codes, but some 
chunks did not receive any codes. I coded some chunks with 2 codes from the same category.  
(See category description below.)  I used codes as much or as little as needed.  
During the coding process, I made multiple of passes at the data.  I grouped codes 
together that described a similar topic, which became a category.  Incorporating all of the codes I 
developed from the open coding made my code list very long.  I tried to combine and compile as 
many as possible to condense the code list.  I removed codes that were marginally related to 
natural and anthropogenic climate change.  To focus on conceptual change related to natural and 
anthropogenic climate change, I compiled a codebook that included codes that met at least one of 
these criteria. 
1. Groups of codes that relate to the topic of how student conceptualize natural and 
anthropogenic climate change. 
2. Groups of codes that show a student experiencing a struggle relating to their 
conceptualization of natural and anthropogenic climate change, indicating possible 
conceptual change. 
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3. Codes that have high abundance (across the data set) or potency (have a high level of 
importance. 
After drafting my coding scheme, I met with a colleague to discuss the codebook, which 
resulted in further codebook restructuring and repetitive code compilation.  A this point, I had a 
draft codebook with 33 code and 11 categories.  Using this codebook, I coded all of my natural 
and anthropogenic data in ATLAS-TI.   
 
3.3.5 Adjudication 
In order to improve the reliability of my codes, I asked a different colleague to 
independently code selections of my data, after which we adjudicated on the codes.  I trained this 
second coder, who had no prior experience with the data, on the coding scheme.  The second 
coder asked clarification questions, some of which prompted some immediate adjustments to the 
codebook.  After training, we met 5 times to adjudicate on our codes from subsets of the data.  
The percent direct inter-rater agreement ranged from 76% to 100%.  We adjudicated on our 
differences, and I made adjustments and clarifications to the coding scheme when necessary.  
Each repetition of this process resulted in additional refinement to the coding scheme.  At the 
end of the process, both the second coder and I were satisfied with the level of agreement 
between our codes.  We decided that our adjudication was sufficient and that the codes made 
sense to both of us.  After adjudication, I made adjustments in ATLAS-TI.  My final coding 
scheme is located in Appendix M.   
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3.3.6 Research Memos 
I used ATLAS-TI to query data with from one code or category, after which I composed 
research memos on trends that I saw in the data.  In each memo, I made propositions and 
supported these with quotes from the data.  I also identified and discussed alternative 
explanations to the trends in the data, which is how I addressed internal validity (Yin, 2003).  I 
included students’ progress throughout the semester to see if change occurred.  My research 
memos were based on the natural and anthropogenic interview data, but I referred to the other 
interview data, as well as the field notes, concept maps, and artifacts for necessary clarifications.  
My research memos inform the results of my dissertation.   
 
3.3.7 “Hypothetical” Code Analysis  
Part the natural and anthropogenic data included students’ responses to the question 
“Some people think that climate change isn’t happening.  Why do you think they think that?”   
Since this question asks students to think of reasons for hypothetical climate change skepticism, I 
couldn’t assume that students’ responses were reflections of their own ideas of change.  Using 
the coding scheme, I assigned the “hypothetical” code to this data and analyzed it separately 
from the rest.  I coded this data using a grounded approach (Glaser and Strauss, 1967; Charmaz, 
1983), starting with line-by-line coding.  I compiled these into codes, which focused on reasons 
for climate change skepticism.  Based on these codes, I developed categories, which identified 
general areas of blame for the skepticism.  I wrote research memos on each category and 
students’ ideas at each interview.  These research memos informed the results about students’ 
ideas of climate change skepticism.     
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3.3.8 Validity 
In accordance with Yin (2003) and Merriam (1998), I employed methodologies to ensure 
validity of this research.  Construct validity ensure that my reports are accurate representations of 
the students’ thoughts and ideas.  I addressed construct validity by utilizing multiple sources of 
data and triangulating the data.  For example, I captured students’ ideas through interviews and 
concepts maps.  During my analysis of the data, I ensured that my interpretations of their concept 
maps and interviews matched.  In the rare case that they did not match, I did not make a claim 
but instead, discussed the difference.     
Yin (2003) stressed the importance of reliability, or the repeatability of the research.  He 
suggested that researchers maintain a chain of evidence for construct validity and reliability.  My 
entire set interview activity logs, field notes, and coding schemes are contained in a case study 
database.  I organized all other components of the study including CCQ data and analysis, 
student artifacts, and research memos in a detailed manner.  As I collected and analyzed the data, 
I wrote memos detailing my procedures, which connected my research design to my results. 
 Yin (2003) wrote that case study methods should ensure internal validity, or accuracy of 
the research claims.  To ensure internal validity, I employed pattern matching to identify periods 
of conceptual change in my cases.  As described in Chapter 2, conceptual change often occurs 
after students struggle with their ideas and the ones presented to them in class.  I looked for 
periods of struggle in my data.  I identified alternative explanations that could potentially explain 
the data to ensure I looked at the data from multiple angles. 
Maintaining external validity involves “establishing the domain to which a study’s findings 
can be generalized” (Yin, 2003).  Since my research was designed to focus my efforts on a small 
number of students taking one class located at one university, I do not claim that my findings 
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represent a statistical average of university students.  Instead, my research adds to the general 
body of knowledge on students’ climate change ideas.    
  
 81 
 
4 RESULTS 
4.1 Introduction 
There were two major findings of this research: 
1. In order to understand that climate change is impacted by human forcings in addition to 
natural forcings, students developed a relationship between both of these forcings.  The 
relationship that students established was that climate change is natural and humans are 
“speeding it up.” 
2. Three of the students constructed a definition of climate change that was different than 
the professor’s.  This could be due to their need to establish a division between 
anthropogenic and natural causes of climate change.  
This chapter presents results in the form of cross-comparative case studies of my five 
focus students: Lance, Lauren, Charlotte, Austa, and Chris.  First, I summarize the background of 
each focus student (section 4.2).  Section 4.3 describes the students’ thoughts on why others 
think climate change isn’t happening, which highlights students’ ideas of the existing climate 
skepticism prevalent in society.  The remainder of the chapter includes descriptions of students’ 
ideas of climate change.  Section 4.4 benchmarks the students’ climate change ideas at the 
beginning of the semester in order to observe students’ progress across the semester.  In 
particular, this section contributes to the answer to the research question, “what do students know 
about climate change at the beginning of the semester?”  Then, I describe the progress of 
students’ ideas of anthropogenic climate change, specifically fossil fuel burning and 
deforestation (section 4.5).  I follow this with a brief section about their ideas of natural climate 
change (section 4.6).  These sections are important because students’ knowledge of both of these 
ideas influences how much the students questioned anthropogenic climate change.  Sections 4.7 
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and 4.8 describe cases of students constructing their relationship between natural and 
anthropogenic climate change.  Section 4.7 describes how Austa questioned climate change until 
she constructed this relationship.  Section 4.8 focuses on    
 
4.2 Focus Student Backgrounds 
In this section, I introduce each focus student by summarizing their background.   Table 
4.1 summarizes basic information for each student such as year in school, gender, and major.  It 
also includes the students’ reasons for taking ATOC 1060, other science classes taken, and 
opinions of science.  After Table 4.1, I describe other information relating to each student’s 
background in order of highest to lowest pre-class CCQ performance.
  
 
Table 4.1: Focus student backgrounds 
 Lance Lauren Charlotte Austa Chris 
Pre-class level of 
understanding 
Highest High Medium Low Lowest 
Home state Colorado Colorado Kentucky CO mountain town Colorado 
Year and gender 2nd year male.  2nd year female.  3rd year female.  1st year female.  4th year male.  
Major Film major. 
Switched from 
Physics. “Film would 
be a much more fun 
thing to do.”  
 
Triple major in 
International 
Finance, Economics, 
and Political Science.  
 
Double major in 
Economics and 
Environmental 
Studies.  Switched 
from Philosophy.  
Spanish for the 
Professions.  
 
Philosophy major. 
Switched from 
business.  
Why took ATOC 
1060 
Took ATOC because 
new to him.  
ATOC applicable to 
her life.  
Liked “seeing how 
the Earth runs.”  
Interested in weather.  
 
ATOC rumored to be 
easy.  
Other science 
classes 
High school: took 
Advanced Placement 
(AP) Physics, 
Chemistry, Biology, 
and Earth Science.  
 
High school: 
International 
Baccalaureate (IB) 
and AP programs. 
Took AP 
Environmental 
Studies. 
 
High School: IB 
program. Took 
Biology, Chemistry, 
and Physics.  
College: Took 
Biology and Ecology. 
High school: Took 
Biology, Chemistry, 
Earth Science.  
 
High school: Took 
Oceanography, 
Biology, and 
Chemistry. 
Opinion of science Science was 
predominant interest 
in high school. Took 
as many courses as 
he could. 
Science on “low end 
of learning 
preferences.” 
Considered herself 
“not a science 
person.”   
Science was “most 
hated subjects.” 
Science on 
backburner. 
Other notable 
information 
Related in-class 
concepts to “how it is 
actually functioning 
in the world”.   
Studied abroad in 
Germany and 
conducted social 
work in Jamaica. 
Climate skeptic 
father. Conservative 
hometown.  
 
Wanted to study 
abroad. 
Self-described 
“hands-on” and 
“visual” learner.  
 
 
8
3
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4.2.1  Lance Background 
Lance was the only student who emphasized that he specifically “liked” science.  He had 
more classroom science experience than the other focus students and was the only focus student 
who took Physics in high school.  His initial intention of majoring in a science (Physics) was 
unique among the focus students.    He explained why he switched his major to Film in interview 
1.   
“I kinda thought it would be more practical to go into Physics, but then I went through 
Calc 1 and realized that I would be really miserable if I did that for four years and then 
the rest of my life.  And so I thought that film would be a much more fun thing to do.”   
Lance explained that career aspirations of writing and directing movies corresponded with his 
decision to be a film major.   
Lance took ATOC 1060 and its predecessor ATOC 1050 to meet the science sequence 
requirement for his degree.  He had the option to continue to take a sequence in Physics, but 
chose Atmospheric Science because it was a new subject to him.  The more he learned about the 
weather, the more he enjoyed himself.  Lance supplemented his science acumen through media 
from the Public Broadcasting Service (PBS) and National Public Radio (NPR).  He watched PBS 
nature and science programs as a kid and listened to NPR’s Radiolab podcasts as a college 
student.  He used the internet to look up scientific information to supplement his understanding 
in ATOC 1060.  He grew up in a household he called “eco-friendly” and credited his parents and 
NPR for his ideas of climate change prior to ATOC 1060. 
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4.2.2 Lauren Background 
Lauren said she enjoyed school and classified herself as an “overachiever”.  She told me 
that she liked learning “whatever” was in front of her.  She also challenged herself by taking 
many credit hours and attempting to triple major.  She was enrolled in 17 credit hours, but had 
taken 19 credits the previous semester.   
She chose to study ATOC in college because it was directly applicable to her life 
compared to the other sciences and because it did not have a reputation for being a “weeder” 
class.  She took ATOC 1050 one year prior to taking ATOC 1060 and was concurrently taking 
ATOC 1070 at the time of the interviews. 
Lauren seemed to pride herself on her ability to learn and retain concepts simply by 
listening in class.  She said that she never sat down to study, but instead would read the book.  
Lauren also learned about concepts that she didn’t quite understand by looking them up on the 
internet (Wikipedia/Google) or by reading about them in National Geographic.   
Part-way through the semester, Lauren began reading the newspaper and texting on her 
phone during class instead of paying attention to the lecture.   She told me that the professor 
covered the material very quickly, so she could not keep up in her notes.  As a result, she became 
frustrated and “gave up.”   
Starting in the middle of the semester, Lauren began to attend another ATOC 1060 class 
taught by a different professor.  This other class was condensed into a shorter time than the 
normal semester and had started in the middle of the regular semester.  She attended and took 
notes in this other class for her husband who was dually enrolled in an overlapping class.  In 
addition, she reported tutoring her husband on the material for a couple of hours a week.  Lauren 
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told me that attending the second ATOC 1060 class provided her with a boost of confidence 
because she understood concepts that other students in the class would argue about.      
 
4.2.3 Charlotte Background 
Charlotte was from the southeastern United States and described people from her 
hometown as “conservative” and “interested in business.”  These people did not care about the 
environment.  She had slight disagreements about climate change with her father, whom she 
described as a climate skeptic.  She described a conversation she had with her father while they 
were watching a TV program about the Earth and climate change’s impact on invasive species.  
Despite Charlotte’s Ecology-class-based descriptions of climate change, her dad said, “I still 
don’t believe it, I still don’t believe it.”  Charlotte seemed to be almost teary-eyed when she 
explained this incident.  Charlotte categorized her father and other climate skeptics, such as those 
from her home state, as “conservative.”   
Charlotte reported that she was diagnosed with attention deficit disorder (ADD).  She 
took medicine for her ADD prior to exams.  By the middle of the semester, Charlotte seemed to 
have lost some interest.  She occasionally skipped class, and when she did attend, she reported 
bouts of inattention due to her ADD or distraction provided by a “friend” who sat next to her in 
class.  She also blamed the broken clicker system for her inattention.   
Charlotte’s extracurricular interests involved the outdoors, including skiing, backpacking, 
mountaineering, rock climbing, painting, walking, and travelling.  She attributed her thoughts 
about science to her outdoor experiences in Boulder.  She said that a memorable part of class 
included pictures of permafrost and glaciers because she personally experienced walking on the 
permafrost during a trip to Alaska.     
 87 
 
Charlotte reviewed her notes in anticipation of interview 4.  She identified things that she 
thought I would ask her and “studied” them before our last interview.   
 
4.2.4 Austa Background 
Austa enrolled in ATOC 1060 to fulfill her natural science sequence for the school of 
Arts and Sciences.  She took the prerequisite, ATOC 1050, during the prior semester and was 
also enrolled in ATOC 1070, the 1-hour weather lab.  She selected Atmospheric Science 
primarily due to her interest in the weather.  Her father used to pay close attention to the weather 
when she was growing up.  She often watched The Weather Channel and as a result, had a desire 
to learn about weather maps.   
Austa was interested in Math, Business, and Accounting and had selected Spanish for the 
Professions as her major.  She said that the only science that she liked in high school was 
geology.  Austa seemed unenthusiastic about science, but she was interested in the ATOC 
material. 
    
4.2.5 Chris Background 
Chris was a minority student who was involved with many on-campus programs to help 
underrepresented students in college.  As part of his fraternity, he participated in community and 
cultural programming.  He was a manager at a swimming pool in a nearby town.  He had a busy 
schedule, but said he tried to balance life, work, and school.   
Chris was a 4
th
 year student, but will have to take a 5
th
 year of classes.  He originally 
enrolled as a business major, but was not performing well on the business classes’ tests.  He 
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switched his major to Philosophy because he liked the abstract thinking of various philosophers 
and achieved higher grades in the subject.   
Chris had Attention Deficit Hyperactive Disorder (ADHD).  He believed that his ADHD 
caused him to take a long time to process the course material compared to other students.  He 
told me that he tended to remember pictures, animations, and movies.  He enjoyed hands-on 
activities, which were common to him in his high school science classes, but rare in college 
courses.  He said, “Science classes that [I’ve] had [in college] are more hands-off.  Just look at a 
textbook, read your notes, and regurgitate them on a test.”  Chris struggled to learn content in a 
large lecture-hall class because the fast pace of the class prevented him from immediately 
processing lecture content. 
Chris opted to fulfill his natural science sequence requirement with ATOC classes 
because he thought the classes would be easy.  But when he took ATOC 1050 approximately one 
year prior to ATOC 1060, he found out that this class was difficult.  He worked with a fellow 
student during the second half of ATOC 1050, and was satisfied with his final grade.   
Starting after Exam 1, Chris committed to meet with the Teaching Assistant (TA) on a 
weekly basis to review the class material as a result of performing poorly on the exams.    He 
also met with the Professor to discuss future exam content.  He attended regularly, sat in the 
front row, and responded to questions.   
 
4.3 Students’ Responses to the Question “Some People Think That Climate Change isn’t 
Happening, Why Do You Think They Think That?” 
In every interview, I asked students to respond to a statement about climate change 
skepticism.  This interview question was, “Some people think that climate change isn’t 
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happening, why do you think they think that?”  I asked this because I wanted students to answer 
a question that scientists and climate researchers often pose to themselves.  This question yielded 
a wide variety of answers, which I characterize in this section.  In this analysis, I call the people 
who think that climate change isn’t happening, “climate skeptics.”  In their responses, students 
assigned blame of climate skepticism to four different high level categories: the skeptic’s 
personal choices, influences of political figures or the media, the skeptic’s incorrect assumptions, 
and accurate “facts” on climate change.   
In some cases, the student identified a family member who was a climate skeptic and 
recited this person’s ideas in response to the question.  The existence of a skeptical family 
member in two out of the five students showed that students possibly encounter climate 
skepticism from parent figures.  Charlotte discussed the opinions of her father, and Lauren 
described the ideas of her grandfather.  Next, I describe each of the four categories of responses 
and discuss major themes occurring in each.  
 
4.3.1  A Person’s Behavior and Attitudes  
A popular response to the question held the skeptic accountable by blaming personal 
behavior and attitudes.  All students, at one time or another, described climate skepticism as a 
matter of personal choice.  The reasons ranged from not knowing, to apathy, to consciously 
deciding that climate change isn’t happening because it is inconvenient.  Table 4.2 lists the 
students’ reasons along with occurrence details.  The table lists the reasons from low to high 
personal control.   
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Table 4.2: Students’ ideas related personal behaviors and attitudes 
# People think that climate change isn’t happening 
because: 
Occurrence (Interview 
Number) 
1 People don’t know or don’t understand information 
about climate change. 
Chris (1); Austa (1,2); Charlotte 
(2,3,4); Lauren (2,3,4) 
2 People are ignorant.   Chris (3,4); Lauren (3); Lance 
(3,4) 
3 People like being told what to think.  Lance (1,2,3) 
4 People don’t care or are apathetic that climate change 
is happening. 
Chris (4); Charlotte (3); Lauren 
(3); Lance (1) 
5 People think that one person won’t make a 
difference.  
Lauren (1,2,3) 
6 People don’t understand how climate change will 
affect them personally.  
Chris (4); Charlotte (1); Lauren 
(4) 
7 People “don’t believe” in climate change. Chris (3); Charlotte (4); Lauren 
(4) 
8 People think that climate change is not a problem.  Chris (2,3); Lauren (1,2,3) 
9 Climate change is inconvenient, so people choose to 
deny it. 
Charlotte (1,4); Lauren (2,4); 
Lance (1,4) 
 
As can be seen from occurrences, the most common personal reason is that people do not 
think climate change is happening because they do not know information about climate change 
(reason #1).  When students used this reasoning, they implied that not knowing may not be the 
person’s fault.   In her interview 3, Charlotte said that people don’t have all the information.  She 
said, “Well, first off I don’t think that a lot of people who don’t believe in climate change have 
been informed at all about it.”   
When students said that a person may not know “facts” about climate change, their tone 
seemed to empathize with the person.  This was different than students who described people as 
“ignorant.”  In these cases, students blamed the skeptic for their lack of knowledge.  In interview 
3, Chris said, “[People are] ignorant.  Pretty much ignorance because they think that the Earth 
has always been like this the whole entire time it’s been alive.”  He implied that people are at 
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fault for being scientifically uninformed.  In interview 4, he blamed the person for not trying to 
understand climate change because that person had no concerns about climate change.  He said, 
“I think it’s just ignorance.  Ignorance in terms of, it’s not affecting me personally, so I don’t 
have to worry about it.”   
This overlapped with reason #6: people don’t understand how climate change will affect 
them personally.  This reason faulted the individual even more because they chose not to care 
about climate change even though it could impact others.  Charlotte (interview 1), who used her 
dad as an example of the hypothetical person who thinks that climate change isn’t happening, 
said that her dad thought  that “it’s not going to happen in my lifetime.”  He personally chose to 
doubt climate change because he thought that it was not serious.   
Students who used reason #9 to explain climate skepticism said that the individual 
deliberately chooses to doubt it because it was inconvenient for them to admit that climate 
change was happening.  This reason implied the most personal control of the skepticism.  Three 
of the students describe these situations.  Lauren (interview 4) made the strongest statement 
about this, “People want to turn a blind eye because if they admit a problem, then they will have 
to find a solution.”  She said that these people would have to give up their SUVs, recycle, and 
buy different products if they admit that climate change is happening, so they chose not to.   
 
4.3.2 Influences From Political Leaders and the Media 
When the students blamed the skepticism on political figures and the media, they said 
that these entities were either causing climate change confusion or disbelief.  Lance, as well as 
Lauren, Charlotte, and Chris, attributed climate change skepticism to leaders or the media; hence 
they placed “blame” on other people as opposed to on the individual.  However, the students’ 
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blamed these figures of authority less than they blamed the individual.  Included in this category 
was any mention of politics.   
Climate change is a topic that is politically charged, and is spoken about by highly visible 
people, such as politicians, who are popular in society but who may not have a complete 
understanding of the science.  In other sciences, with the exception of evolution, students do not 
attribute confusion on the topic to politics and the media.  This political twist makes climate 
change understanding unique.  Table 4.3 below includes this and other reasons for climate 
change skepticism that blame leadership or others such as the media and ways they manipulate 
information.     
Table 4.3: Students’ ideas related to politics and media 
# People think that climate change isn’t happening 
because: 
Occurrence (Interview Number) 
1 Of politics.   Chris (2,4); Charlotte (1,2); Lauren 
(3); Lance (2,3) 
2 Media using propaganda convinces people that things 
are facts when they really are not. 
Lauren (3); Lance (2,4) 
3 Climate skeptics promote the idea that climate change 
isn’t happening so people won’t debate it with them. 
Lance (4) 
4 People do not trust the scientists who are studying 
climate change. 
Lauren (2) 
5 People are given incorrect or false information. Chris (1); Lance (3) 
6 Climate change is presented to people in a way that is 
too simplistic or general. 
Charlotte (2); Lauren (2) 
 
Leadership blamed by the students includes politics, media, other climate skeptics, and 
even scientists.  Lauren blamed scientists for causing people to mistrust them when she described 
a recent investigation into scientists’ manipulation of climate change evidence.  She was the only 
focus student to bring up the idea that climate skepticism is caused by those researching the 
topic.   
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Students also placed blame on an undefined leader when they said that people were given 
false or simplified descriptions of climate change (reasons #5 and #6).  These reasons were 
included  in this category because students implied that the individual was getting their 
information from a person other than themselves.   
Four students described political reasons for climate change confusion.   For example, 
Lauren identified that there is a polarization between political parties on climate change.  She 
said, “If you are a Republican, you are supposed to hate Democrats, and Al Gore was a 
Democrat so, why would I listen to a Democrat?”  She explained that those who were not aligned 
politically with Al Gore’s political affiliation automatically disagreed with what he said about 
climate change. 
Lance’s emphasis that leaders were to blame for climate change skepticism differentiated 
him from the other focus students.  He possessed a sophisticated view of climate change 
skepticism, which he consistently presented in all interviews.  While most students mentioned 
leaders and individuals separately, Lance blamed the authority figure for being manipulative and 
at the same time, blamed people for being vulnerable to this manipulation.  He said that authority 
figures encouraged climate skepticism because accepting climate change would be inconvenient 
for them.  He called this “spout[ing] propaganda without backing it up with actual facts and 
evidence” in interview 2 and “feeding people false information” in interview 3.   He blamed 
individuals for accepting this information without thinking critically about the details.  In 
interview 1 he said that people “like being told what to think” because it was easier than thinking 
for themselves.  His consistent politically-driven response was sophisticated because it contained 
a detailed theory for the skepticism in society. 
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4.3.3 Inaccurate Ideas That Students Claim People Have  
Students also attributed climate skepticism to possible incorrect assumptions people made 
about climate change.  In their identification of these ideas, students explicitly labeled them as 
“incorrect”.  So, unlike the personal choice category, the idea was not a matter of circumstance 
or opinion.  The students implied that these inaccurate ideas can cause a person to think that 
climate change isn’t happening.  This category contained a list of these ideas that the student 
identified, described in Table 4.4 below. 
Table 4.4: Students’ ideas related to inaccurate ideas 
# People think that climate change isn’t happening 
because: 
Occurrence (Interview 
Number) 
1 People make “jokes” referencing that because it is 
cold in the winter that there is not climate 
change/global warming.  Others take that “joke” 
seriously. 
Chris (1); Austa (4); Charlotte 
(2) 
2 People think that weather events are climate events. Austa (4); Lauren (2,4) 
3 Climate change occurs over a long time so one cannot 
experience it, but people look at short timeframes. 
Chris (2); Austa (4); Charlotte 
(1,2,3); Lauren (4)  
4 People think that the Earth or atmosphere is too large 
to be affected by human actions. 
Lauren (1,2) 
5 People think that Earth has existed for only 2010 
years. 
Chris (3) 
6 People mix up the facts about climate change. Chris (1); Lance (3,4) 
7 People think that global warming is a “theory”. Lance (4) 
 
The most common inaccurate topic that students cited related to confusion between 
weather and climate.  Students described this using various reasons (#1, #2, #3).  The first 
involved people joking that cold weather events show that climate change isn’t happening.  Chris 
says (interview 1), “And yeah, when people say like ‘I could use some global warming right 
now,’ and they’re in Alaska.  It’s like it’s a fun joke, but not entirely correct and people will get a 
false assumption.”  The second reason students described involved a person’s confusion between 
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climate and weather events.  Lauren (interview 2) explained that people think that if there are 3-
foot blizzards in Colorado, there is no global warming.  The third inaccurate assumption was that 
a person could experience climate change in a short amount of time, when actually it was 
difficult for a person to experience it.  Austa described that because “[People] can’t experience 
[climate change] in their own lifetime…And they think that the weather day-to-day just seems 
the same” was why skeptics doubted climate change.   
Another inaccuracy related to the interpretation of the term “theory”.  In interview 4, 
Lance said, “Well, I mean, you know, I think there’s the general misconception that global 
warming itself, is a theory or something.” He implied that there was still a debate as to whether 
the climate was warming because the word “theory” could be interpreted to be something that 
was not yet proven.    
 
4.3.4 People Use Climate Change “Facts” to Claim That Climate Change is Not 
Happening  
Students hypothesized some of the correct “facts” about climate change could cause people to 
think that it isn’t happening.  These reasons and the students who spoke about them are in Table 
4.5 below.    
Table 4.5: Students’ ideas related to climate change “facts” 
# People think that climate change isn’t happening 
because: 
Occurrence (Interview 
Number) 
1 Periods of warm and cold occurred in the past 
naturally.  
Chris (3); Austa (1,2,3,4); 
Charlotte (3,4); Lauren 
(1,2,3) 
2 Currently, the temperature has only changed a small 
amount.  
Austa (2); Charlotte (1); 
Lauren (2) 
3 There is not enough proof that climate change is 
happening.* 
Charlotte (3) 
* Student idea interpreted as a “fact”, but not accurate. 
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Austa, Charlotte, and Lauren cited small temperature changes as being reason for climate 
change doubt.  Austa (interview 2) said, “it’s only a 1.4 temperature increase so I think that when 
people hear that they think that that doesn’t really matter or something.”   They implied that 
people are not concerned with the seemingly small increase. 
In all of her interviews, Austa emphasized that climate change skepticism was promoted 
by accurate “facts” about climate change.  Most of her emphasis was on the idea that people 
think that current climate change is natural because climate change occurred naturally in the past.  
Her explanation from interview 4 is as follows: “Because if you look back in Earth’s history, 
there’s been ice ages and then warm times and then ice ages, so [people] just think it’s the Earth, 
the natural cycles of the Earth, I guess.”  She reasoned that the natural changes of the past were 
proof that current climate change was natural as well.  She consistently gave similar answers 
throughout the semester.    
 
4.3.5 Progression Across Focus Students 
Throughout the semester, some students’ ideas changed, while others remained 
consistent.  Table 4.6 contains a summary of each student’s response to this question throughout 
the semester.    
  
 
Table 4.6: Summaries of students’ reasons for why people think that climate change isn’t happening across interviews. 
 Interview 1 Interview 2 Interview 3 Interview 4 
Lance People aligning themselves 
with leaders who tell them 
what to think.   
Conservative propaganda.  
People siding with this 
because of lack of 
motivation to form own 
opinion. 
Politicians give false 
information.  People 
accepting without trying 
to learn the science. 
Media sources provide 
inaccurate information.  
Inconvenient for people to 
admit climate change.  
Lauren Humans don’t impact the 
climate.  People overestimate 
the size of the atmosphere. 
People think climate 
change is natural.  Climate 
change is simplified. 
Confuse climate change 
with weather.  Small 
change in temperature.  
Scientists’ scandal. 
Natural climate 
fluctuations - including 
hot and cold periods.  
Political party siding.    
Confusion over weather 
and climate.  
Inconvenience to accept 
climate change.  Lack of 
personal experience with 
climate change and nature. 
Charlotte Warming has been “small”: 
0.8 degrees Celsius.  
People’s political views and 
other priorities.  
Jokes that climate change 
isn’t happening.  People 
and politicians don’t know 
information.   
People don’t have all the 
information.  Proof of 
climate change not 
strong. 
Climate change is hard to 
understand.  People don’t 
want to accept it because 
it’s unpleasant.  Natural 
climate change. 
Austa People only know natural 
aspects of climate change. 
Natural climate change. 
Earth’s natural 
stabilization.  Small 
temperature increase. 
Natural climate change. 
Earth’s natural 
stabilization.  Water 
vapor is natural and 
higher concentrated than 
CO2. 
People think that climate 
change is natural.  People 
unable to experience 
climate change. 
Chris Blamed incorrect 
information. 
 
Blamed political beliefs.  Blamed ignorance.  
People think world 
started 2010 years ago.  
Choose not to believe in 
climate change. 
Blamed ignorance.  People 
are apathetic because 
climate change is not 
impacting them. 
 
9
7
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Lance gave the same response during all interviews.   Lance blamed authority figures for 
falsifying information and concurrently blamed people for accepting leaders’ ideas without 
thinking critically about them.   
Lauren listed a variety of ideas as to why people think that climate change isn’t 
happening, and these changed throughout the semester.  The biggest point that she made is that 
climate change was an inconvenience to people, therefore they chose not to admit that it is 
happening.  She said her grandfather is an example of a climate skeptic because he thinks climate 
change is natural (interviews 1 and 3).   In interview 2, she discussed a recent scandal involving 
climate scientists.  She said that scandal caused people to mistrust the scientists and in turn, 
doubt the science.   
Like Lauren, Charlotte’s answer to this question varied throughout the course and crossed 
all four categories.  Her answers evolved from blaming politics (interviews 1 and 2) to climate 
change being hard to understand (interview 4).  Charlotte’s answer to the question could be a 
reflection of her own struggle with the topic of climate change because she projected herself into 
her response.  In interview 1, she said that she didn’t think there was enough “proof” of climate 
change.  She said that she personally wanted to see a graphical comparison between the current 
scenario and what the climate would be like without the anthropogenic impact.  The professor 
already taught this information in class, so Charlotte may have missed this information. 
Austa consistently focused on accurate “facts” of climate change that could cause people 
to be skeptical of human caused climate change.  Almost all of her reasons related to the “fact” 
that climate change is natural.  Austa’s responses reflected reasons for her own questions on 
anthropogenic climate change and like Charlotte, seemed to project her ideas in her answers.   In 
interview 1, in response to the question, she said, “Seems like Earth, like goes through these 
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cycles and maybe it’s just a natural thing and it’s stabilizing itself.”  Similarly, she cited natural 
climate change as reason for personal confusion because she didn’t understand why climate 
change was human-caused at this time.  In interview 3 she personally struggled with 
anthropogenic climate change.  She wondered why anthropogenic climate change is a big deal 
when water vapor, a greenhouse gas that she considered “natural”, has a higher atmospheric 
concentration than CO2.  Again, her response to the question mirrored her own struggle.  She 
said that this fact could cause people not to be worried because water vapor was natural.  The 
correlation between her personal struggles with climate change and her response to the question 
in interviews 1 and 3 indicate that she could be responding to the question based on her personal 
struggles.   
Chris’ ideas evolved across the semester.  Initially, he stated that people who accepted 
climate change were liberal “very open-minded to the subject” people.  Later in the semester, he 
heavily blamed skepticism on the individual.   In interviews 3 and 4, the highlight of his answer 
was that people who do not think climate change is happening are “ignorant,” since he stated this 
understanding was the responsibility of the individual.  
 
4.3.6 Impacted by Students’ Definition of Climate Change 
Student responses to the question could be impacted by the definition of the term 
“climate change.”  As I will discuss in section 4.8, students hold definitions of “climate change” 
that are different than that of the professor.  Therefore, when asked the question, “Some people 
think that climate change isn’t happening.  Why do you think they think that?”, the students 
interpret this question based on their own definition of “climate change”.  In particular, Chris and 
Charlotte may have thought the question was asking only about natural climate change because 
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they defined “climate change” as natural climate change only.  For example in interview 3, Chris 
said people are “ignorant” because they think that time has not existed more than 2010 years.  
This answer worked well with Chris’ definition because if people didn’t understand the age of 
the Earth, they probably would struggle with paleoclimate.  However, Chris included answers 
that could pertain to human-caused climate change, such as people misconstruing the impact of 
global warming and their political party affiliation.   
Lauren may have thought that the question was asking about other additional 
environmental problems because her definition of climate change included environmental 
impacts other than climate change.  For example, in interview 2 she said that people 
automatically think “global warming” when someone says “climate change”, “not climate 
change like how the entire Earth’s systems is changing.”  Despite her conflated definition, 
Lauren’s other reasons for climate change skepticism were reasonable when applied to the actual 
definition of climate change. 
    
4.3.7 Discussion 
These responses show students’, rather than researchers’, ideas of potential inaccuracies 
and why they could potentially occur.  These students identified that accurate ideas about climate 
change could also cause skepticism.  Rather than focusing only on concepts, students focused on 
behavioral aspects such as personal choice and political influence, that they suspect cause 
skepticism.  This showed that students thought climate skepticism was more than the result of 
misunderstandings and that there are social forces at play.   
 
 101 
 
4.4 Student Ideas at the Beginning of the Semester 
Student ideas at the beginning of the semester aligned with their level of understanding 
determined by the CCQ.  The higher-performing focus students tended to be more descriptive 
about their ideas than the lower focus students.  The three higher focus students discussed 
climate change ideas that they learned before the class, while the lower focus students left out 
some basic climate change ideas, such as the source of CO2.  Lance, the highest-achieving focus 
student, gave a detailed explanation of climate change.   Lauren and Charlotte explained ideas 
about climate change that they acquired from previous classes.  In contrast, Austa, the second-
lowest focus student did not know the source of CO2, and Chris, the lowest-performing focus 
student, did not explain the cause of climate change.  
All focus students had ideas about climate change that were either not well described or 
were inconsistent with current science.  Lauren and Charlotte’s definitions of the term “climate 
change,” as well as Austa’s idea that CO2 comes from “mud bogs,” are examples of 
inconsistencies.  Chris did not describe how “pollution” causes climate change.  Even Lance 
neglected to discuss fossil fuels.  A summary of student ideas that relate to natural and 
anthropogenic climate change can be seen in Table 4.7, which includes all interviews and tracks 
the students’ progress throughout the semester.  A calendar highlighting dates focus student 
interview, exams, and topics covered in class can be found in Table 4.8.
  
 
Table 4.7: Major themes across focus students 
 Interview 1 Interview 2 Interview 3 Interview 4 
Lance  No discussion of fossil fuels.  
 Climate change is natural and 
humans are accelerating it. 
 Expressed certainty that 
climate change was human 
caused. 
 Described how 
fossil fuels were 
created. 
 
 Discussed fossil fuels. 
 Burning fossil fuels 
turned natural process 
into anthropogenic 
climate change. 
 Discussed the way fossil 
fuels formed. 
 Humans speeding up rate 
that carbon is released into 
the atmosphere; speeding 
up natural flux. 
Lauren  Climate change occurs 
naturally and humans 
adjusting it. 
 Broad: Claimed many various 
environmental problems are 
“climate change.” 
 “Pollution” caused climate 
change. 
 Climate change caused by 
fossil fuel burning. 
 Listed deforestation under 
anthropogenic climate change. 
 Did not discuss 
fossil fuels. 
 Listed deforestation 
under anthropogenic 
climate change. 
 Broad: Included 
additional 
environmental 
impacts.  
 Used “pollution.” 
 Fossil fuel burning is a 
major cause of climate 
change. 
 Deforestation prevents 
CO2 absorption. 
 Broad: Used fewer 
conflated examples than 
interview 2. 
 Used “pollution.” 
 
 Described the creation of 
fossil fuels.    
 Deforestation prevents 
CO2 absorption. 
 Broad: Stated that 
deforestation messes with 
water cycle. 
 Humans are “accelerating” 
climate change.  
 Spoke about cycling of 
carbon, but didn’t talk 
about carbon changing 
form.   
1
0
2
 
  
 
 Interview 1 Interview 2 Interview 3 Interview 4 
Charlotte  Water vapor enhances the 
greenhouse effect. 
 Didn’t talk about fossil fuels. 
 Deforestation causes a change 
in albedo and thus a change in 
climate (struggled). 
 Humans are “speeding up” 
natural climate change.  
 Stated that “climate change” 
includes only natural causes 
and impacts (struggled). 
 “Global warming” is 
anthropogenic climate change. 
 No “real proof” climate 
change and/or global warming 
happening. 
 CO2 comes from 
fossil fuels (one 
statement). 
 Deforestation 
causes a change in 
albedo and thus a 
change in climate 
(struggled). 
 Humans “speeding 
up” climate change. 
 Questioned human-
caused climate 
change slightly. 
 
 CO2 gets into the 
atmosphere by fossil 
fuel burning. 
 Natural release of fossil 
fuels is controlled. 
 Deforestation reduces 
carbon sink; also 
impacts the albedo 
(struggled). 
 Gave more detailed 
examples of climate 
change. 
 Humans “speeding up” 
climate change. 
 Questioned 
anthropogenic climate 
change.  
 Described fossil fuel 
burning. 
 Defined “climate change” 
as natural climate change 
and “global warming” as 
anthropogenic.  
 Deforestation impacts the 
amount of carbon that is 
absorbed by plants. Didn’t 
know about the impact of 
changing albedo.  
 Stated that almost all 
scientists agree that Earth 
is warming. 
1
0
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 Interview 1 Interview 2 Interview 3 Interview 4 
Austa  Stated that the Earth stabilizes 
itself. 
 Stated that “pollution” caused 
climate change. 
 Stated that CO2 comes from 
mud bogs. 
 Warming going to cause 
additional warming. 
 Wanted to know about more 
anthropogenic causes of 
climate change. 
 Wondered why global 
warming is human caused. 
Wonder why it isn’t just 
natural.  
 
 Stated that climate 
feedbacks were 
natural because they 
stabilize the climate. 
 Warming caused by 
fossil fuels 
increased CO2 in 
atmosphere. 
 Stated that climate 
change was human-
caused. 
 Figured out that 
driving cars burns 
fossil fuels in 
interview.  
 Listed that climate 
change is caused by 
deforestation. 
 Wanted to know 
about more 
anthropogenic 
causes of climate 
change. 
 Stated that water vapor 
was biggest contributor 
to the greenhouse effect, 
but was natural 
(struggled). 
 Climate feedbacks are 
natural because they 
stabilize the climate. 
 Stated that climate 
change caused by fossil 
fuels.   Knew where 
they came from and 
what they were used for. 
 Deforestation removed 
Earth’s ability to absorb 
CO2. 
 Stated that humans 
causing climate change 
to happen at increased 
rates. 
 Wanted to know more 
information on 
anthropogenic causes of 
climate change. 
 Didn’t discuss natural 
climate change. 
 Summarized 
anthropogenic causes in 
term “pollution.”  
 Stated that fossil fuel 
burning enhances 
greenhouse effect, causing 
Earth to warm more than 
should. 
 Stated that deforestation 
removes carbon sink. 
 Stated that warming 
enhances feedbacks more 
than supposed to. 
 Said she would focus on 
human causes of climate 
change when explaining to 
friend. 
 
1
0
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 Interview 1 Interview 2 Interview 3 Interview 4 
Chris  Didn’t discuss natural climate 
change. 
 Stated change is caused by 
littering in streets (broad). 
 Stated that “pollution” caused 
climate change. 
 Didn’t discuss 
natural climate 
change. 
 Stated that 
“greenhouse gases” 
cause climate 
change. 
 Said climate 
changing “more 
rapidly”. 
 Stated that fossil 
fuels affect the 
Earth (vague).  
 
 Didn’t use the term 
“pollution.” 
 Stated that CO2 is a 
“scapegoat” for water 
vapor. 
 Constructed definition 
of “climate change” that 
included only natural 
causes.    
 Stated that “humans 
didn’t make global 
warming.” 
 Stated that humans were 
“speeding up” climate 
change. 
 Discussed how oil is 
formed (included 
humans “speeding up”). 
 Described past 
fluctuations and said that 
the term “climate change” 
included only natural 
causes.  
 Emphasized that climate 
change was man made 
though their “speeding up” 
through fossil fuel burning 
and increase of CO2 in the 
atmosphere. 
 Didn’t describe carbon 
changing form. 
 
 
  
1
0
5
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Table 4.8: Calendar of interview dates and class topics 
January 2010 
Sun
. 
Monday Tuesday Wednesday Thursday Friday Sat 
10 11 12  Class 1 
 Pre-Class 
CCQ 
13 14  Class 2 15 16 
17 18 19 Class 3 
 Paleoclimate 
introduction 
 Radiation 
 
 
20 21  Class 4 
 Greenhouse 
effect 
 
 
22 23 
24 25 26 Class 5 
 Feedback 
loops 
 
 
27 28  Class 6 
 Feedback 
loops 
 HW 1 Due 
29 30 
February 2010 
Sun
day 
Monday Tuesday Wednesday Thursday Friday Sat 
31 1 2 Class 7 
 Feedback 
loops 
 Atmospheric 
circulation 
 
3 4 Class 8 
 Atmospheric 
circulation 
 
5 
 
Lauren 1 
Lance 1 
6 
7 8 
 
Austa 1 
9 Class 9 
 Atmospheric 
circulation 
 HW 2 Due 
 
Chris 1 
 
 
10 
 
Charlotte 1 
11        Class 10 
 
Exam 1 
12 13 
14 15 
 
Austa 2 
16        Class 11 
 Ocean 
circulation 
 
17 18        Class 12 
 Ocean 
circulation 
 
19 
 
Lauren 2 
20 
21 22 23        Class 13 
 Cryosphere 
 
24 
 
Charlotte 2 
25        Class 14  
 Cryosphere 
 
26 27 
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March 2010 
Sun Monday Tuesday Wednesday Thursday Friday Sat 
28 1 2         Class 15 
 Short-term 
carbon cycle  
 
Chris 2 
3 4          Class 16 
 “Crude” video 
 
5 
Lance 2 
6 
7 8 9         Class 17 
 Guest speaker 
on climate 
change 
comedic 
documentary 
10 11        Class 18 
 Paleoclimate 
 Rock weather 
hypotheses 
 HW 3 Due 
 
12 13 
14 15 16       Class 19 17 18        Class 20 
 Exam 2 
 
Austa 3 
Lauren 3  
 
19 
 
Chris 3 
Lance 3 
20 
21 22  Spring 
Break 
23  Spring 
Break 
24  Spring 
Break 
25  Spring 
Break 
26  Spring 
Break 
27   
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April 2010 
Sun
day  
Monday Tuesday Wednesday Thursday Friday Sat 
28 29 30        Class 21 
 Milankovitch 
cycles 
 
31 1          Class 22 
 Pleistocene 
glaciations 
 
2 
Charlotte 3 
3 
4 5 6          Class 23 
 Holocene 
climate 
changes 
 Natural and 
anthropogenic 
climate 
change 
 
 
7 8          Class 24 
 Greenhouse 
gases 
 Enhanced 
greenhouse 
effect 
 Fossil fuels 
 HW 4 Due 
9 10 
11 12 13        Class 25 
 Climate 
models 
 Radiative 
forcing 
 Future climate 
 
 
14 15        Class 26 
 Sea level rise 
 Melting 
cryosphere 
 
 
16 17 
18 19 20        Class 27 
 Classroom 
policy 
discussion 
 Renewable 
energy 
 
 
21 22        Class 28  
 Geo-
engineering 
 Deforestation 
 Environ-
mental 
impacts of 
climate 
change 
 
23 24 
25 26 27        Class 29 
 Post-Class 
CCQ 
 HW 5 Due 
28 
Austa 4 
29        Class 30 
 Review 
 
Lance 4 
Chris 4 
 
30 
 
Charlotte 4 
Lauren 4 
 
1 
May 2010 
Sun
day  
Monday Tuesday Wednesday Thursday Friday Sat 
2 3 4 5 
 Final Exam 
6 7 8 
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In interview 1, highest-performing student, Lance, said with certainty that climate change 
occurs naturally, but humans are altering the natural climate change.   The second-highest 
performing focus student, Lauren, also stated that climate change occurs naturally but is affected 
by human actions such as fossil fuel burning.  She listed deforestation as a cause of climate 
change, but didn’t describe how these are related.  She also described a lot of environmental 
problems and inaccurately called them “climate change.”  Charlotte, the average student, 
struggled a lot in interview 1.  She struggled to describe evidence of the occurrence and the 
definition of “climate change.”  She defined “climate change” as only natural climate change and 
“global warming” as only anthropogenic climate change.  She tried to describe deforestation’s 
impact on the climate through a mechanism involving the albedo of the Earth’s surface, but had 
great difficulty explaining this.  Austa, the second-lowest focus student questioned whether 
climate change was human-caused or just natural because she learned that the Earth “stabilizes 
itself.”  She thought that the source of CO2 was “mud bogs,” and wanted to know more about 
anthropogenic causes of climate change.  Finally, the lowest focus student, Chris, used extremely 
vague explanations about climate change that he often mixed-up.  He didn’t discuss natural 
causes of climate change, but rather blamed “pollution” for environmental destruction.   
 
4.4.1  “Pollution” Was a Generalization in Interview 1. 
As explained in Chapter 2, prior studies found that subjects who use “pollution” to 
describe a cause of climate change have a general idea of climate change, but cannot describe 
specifics.   These studies showed that students could not describe in depth what they mean by 
“pollution”.   Similarly, some of the focus students said that “pollution” caused climate change.  
This occurred more often at the beginning of the semester.   
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“Pollution” was used by students who could not explain the causes of climate change any 
further.  In interview 1, Chris and Austa, used “pollution” as part of climate change explanations 
that were general rather than detailed.  Austa didn’t know the source of CO2, as evidenced by her 
quote, “I think CO2 comes out of mud bogs.”  At the same time, she used “pollution” to 
summarize where excess CO2 comes from rather than giving a precise description.   She said, “I 
mean I guess oh going back to the CO2 thing, I know that that’s also caused from like pollution 
and things like that, like an excess of it.”  She did not describe what pollution entailed.  Chris’ 
use of “pollution” was paired with a mixed-up explanation.  When asked to describe climate 
change, Chris said that “so you start with pollution.”  He said that cars “pollute everything” and 
“cause the weather to act funky.”  His ideas of “pollution” included factory emissions, fossil fuel 
burning, as well as “Everything that will pretty much affect like the air.”  He described the 
impact of “pollution” as smog, dirty air that humans cannot breathe, dumping in the oceans and 
lakes, and poisonous gases such as CO.  He didn’t include a description of climate change in his 
explanation.   
  Whereas Chris and Austa used the general term “pollution” when they were not able to 
describe what caused climate change in a more sophisticated way, Lauren specifically thought 
that the impacts of various kinds of “pollution” caused climate change.  In her definition of 
climate change, she included a lot of other things that cause environmental harm, but may not 
cause climate change.  For example, she said that climate change was damming rivers, 
eutrophication, frog mutations, ozone depletion, and overfishing.  Her definition of climate 
change was too broad.  So in her case, Lauren’s use of pollution didn’t mean that she couldn’t 
describe climate change further, it meant that she considered all pollution a cause of climate 
change.   In interview 2, she stated that climate change was caused by “polluting our own rivers,” 
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but instead of describing climate change, she described water pollution.   In describing the 
effects, she said, “like you’re getting 6-legged frogs that are drinking like poisoned water.  And it 
hurts us too, like when we’re polluting our own rivers, it’s where we get our water too.”   She 
thought that impacts of all pollution constituted climate change.    
As students became better-versed in climate change, they stopped using the term 
“pollution.”   In Chris’ later interviews, he did not use the term “pollution” to describe causes of 
climate change.  At the same time his ideas of climate change had progressed.  For example, 
instead of using “pollution” in interview 2, he said that “greenhouse gases” cause climate 
change.   
Chris’ progress can also be seen on his concept maps.  In his first two interviews’ concept 
maps, he had the term “pollution” at the beginning of a trajectory that explained climate change.  
In concept map #1, he said that “Pollution” increased CO2 and other greenhouse gases.  In 
concept map #2, he said that “pollution” included burning fossil fuels and increasing CO2.  In 
both cases, his concept maps showed that humans cause pollution.  In concept map #3, Chris 
removed “pollution” from his concept map, and replaced it with “CO2”.  Chris’ concept maps 
can be seen in Appendix N.   
As students’ ideas become more advanced, their use of “pollution” was not necessarily 
evidence that they had weak or conflated ideas.   Students may understand the processes behind 
climate change, but used “pollution” as a catch-all for explaining all of the other causes, such as 
burning fossil fuels, deforestation, etc.  Evidence of this came from Austa’s interview 4, where 
she said that the greenhouse effect is affected by “anthropogenic causes like burning fossil fuels, 
and polluting, and deforestation.”  I asked her to explain what she meant by “pollution.”   First, 
she said that “pollution” meant “rotting trash”, “stuff coming out of cars”, and factory emissions. 
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“Like factories, they’re burning coal to make energy and um, all the stuff you see coming out of 
the pipes at the top.”   This was evidence that her use of “pollution” now represented a more 
sophisticated description of climate change causes than earlier.    
In contrast, Austa still used “pollution” to describe an idea that she didn’t completely 
understand.  I asked her to elaborate on her mention of “ocean pollution” in interview 4.  She 
was unable to describe what she meant.  “Um the ocean…Uh… I’m trying to remember… 
something about the acidity of the ocean and then… I think, uh, I can’t remember.”  This was 
evidence that supported the idea that students used the word “pollution” to generalize when they 
don’t quite understand the entire process. 
 
4.5 Students’ Ideas of Anthropogenic Climate Change Progressed   
Part of understanding anthropogenic climate change is understanding that human actions 
result in an additional release of CO2 into the atmosphere.  All of the focus students described 
that the additional CO2 is anthropogenic starting at different interviews.  Lance and Lauren 
indicated that they knew CO2 release was caused by humans during interview 1.  Even though 
Chris didn’t describe many climate change ideas, he mentioned that CO2 comes from humans.  
Austa and Charlotte did not state that human actions release additional CO2 into the atmosphere.  
At the same time, they both expressed doubt about anthropogenic climate change. 
By interview 2, all focus students mentioned that human actions were releasing additional 
CO2 into the atmosphere, and they knew that CO2 correlated with temperature.  They knew that 
if the concentration of CO2 in the atmosphere increased, the temperature increased.  They began 
to describe human actions that caused these increases.  Their reasons centered on two causes: 
fossil fuel burning and deforestation.  All students described their ideas of fossil fuel burning and 
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all but Chris described deforestation.  Yet, their ideas of these causes were not complete at the 
beginning of the semester.   Their descriptions evolved throughout the semester as they learned 
more about the cycling of carbon in the atmosphere.   
In the following two sections, I focus on the students’ ideas of fossil fuels and 
deforestation and the evolution of these ideas throughout the semester.  Although students 
understood that both fossil fuel burning and deforestation were anthropogenic, they often 
struggled to explain how these human activities affected the climate.  I describe how they 
overcame their confusions towards the end of the class.       
  
4.5.1 Fossil Fuel Burning Became a Major Reason for Anthropogenic Climate Change 
A popular example among students of anthropogenic climate change is fossil fuel 
burning.  The professor introduced fossil fuel burning during the first week of school as a cause 
of global warming, but didn’t talk much about it during the first third of the class.  She taught 
about fossil fuels at the beginning of March when she taught the carbon cycle.  This occurred 
immediately before most of the focus students’ third interview and Lance’s second interview.  
She first taught the short-term carbon cycle including photosynthesis, respiration and 
decomposition.  Then, she discussed the cycling of carbon from one reservoir to the next and 
pointed out that there was an increase in atmospheric CO2 due to the burning of fossil fuels as 
evidenced by the Keeling curve.  She talked about the formation of coal from the accumulation 
of organic matter at the bottom of swampy forests during the Carboniferous period.   
On March 3, 2010, the professor showed the movie, “Crude” to the class.  “Crude” was a 
documentary on the creation of oil and the relationship between atmospheric concentration of 
CO2 and climate.   The movie portrayed a carbon atom’s journey through various carbon 
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reservoirs and highlighted the warm climate of the Jurassic Period when the atmosphere was full 
of carbon dioxide.   It described a plethora of phytoplankton blooms in the ocean, which died and 
were eventually buried at the bottom of the sea.  Over millons of years at the right pressure and 
temperature, this buried organic matter transformed into crude oil.  On the lecture day after the 
showing of “Crude,” the professor presented some slides with the highlights from Crude to 
reinforce the long-term carbon cycle.  Finally, during the first week of April, the professor 
emphasized the increase in CO2 in the atmosphere from the burning of fossil fuels, and presented 
information on the topic from the Intergovernmental Panel on Climate Change.   
Students’ understanding of fossil fuels and their impact on climate became more 
advanced throughout the semester.  Table 4.9 outlines students’ ideas of fossil fuels at each 
interview.
  
 
Table 4.9: Students’ ideas of fossil fuels 
Student Interview 1 Interview 2 Interview 3 Interview 4 
Lance Did not discuss fossil fuels or 
ideas of CO2. 
Described the cycling of 
carbon in the atmosphere 
in detail.   
Described creation of 
fossil fuels in detail.  
Stated that fossil fuel 
burning releases energy 
and puts CO2 back into 
the atmosphere.   
Discussed process by 
which carbon formed. 
Emphasized humans 
speeding up natural flux of 
carbon. 
Lauren Stated that fossil fuel burning 
caused climate change.  
Did not talk about fossil 
fuels. 
Highlighted fossil fuel 
burning as a major cause 
of anthropogenic climate 
change. 
Stated that fossil fuel 
burning was primary cause 
of anthropogenic climate 
change.  Explained the 
cycling of carbon. 
Charlotte Did not discuss fossil fuels or 
ideas of CO2. 
Stated that CO2 comes 
from fossil fuels, but 
didn’t discuss details. 
Stated that burning fossil 
fuels put too much CO2 
into the atmosphere and 
amplifies climate 
feedbacks.  
Stated that humans release 
a lot of carbon in fossil 
fuel, which increased the 
CO2 in the atmosphere and 
increased the Earth’s 
temperature.   
Austa Thought that the source of 
CO2 was mud bogs or frozen 
ground melting. 
Did not attribute CO2 to fossil 
fuel burning.  
Not certain about impact 
of driving cars.  Then 
during interview, 
connected driving cars 
and fossil fuel burning.   
Described the creation of 
fossil fuels.  Understood 
that humans burn fossil 
fuels for transportation 
and electricity. 
Stated that driving cars 
burns fossil fuels, which 
emits carbon and 
pollution.    
Chris Stated that fossil fuels were 
“pollution.” Fragmented 
statements did not describe a 
relationship between fossil 
fuels and climate change. 
Vague comments on CO2.  
Did not connect climate 
change with burning 
fossil fuels. 
Stated that anthropogenic 
fossil fuel burning added 
more CO2 into the 
atmosphere than 
necessary.   
Stated that human fossil 
fuel burning “speeds up” 
climate change. Described 
the cycling of carbon 
throughout the Earth 
system.   
1
1
5
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In interview 1, none of the students described the climate impact of fossil fuels in detail.  
Lance and Charlotte did not discuss fossil fuels or their ideas about the source of CO2.  Lauren 
was the only student to accurately attribute climate change to fossil fuel burning.  She said, “we 
had cars that burned fossil fuels and they put more CO2 in the atmosphere.”  She went on to 
describe that the additional CO2 in the atmosphere makes it warmer.  Chris and Austa talked 
about sources of CO2, but neither used accurate descriptions.   Austa didn’t know that fossil fuel 
burning emitted CO2.  Instead she attributed CO2 emission to inaccurate sources.  I asked Austa, 
“Do you know anything about where [CO2] comes from?”  Austa replies, “No. I think CO2 
comes out of mud bogs.  That’s all I can really remember about that.”  Later in interview 1, 
Austa presented a second idea for the source of CO2, “I think I learned that when frozen ground 
is melting it’s emitting CO2?”  This idea, though inaccurate, may have stemmed from her 
learning that the melting of permafrost releases methane.  So, she was processing the ideas that 
she learned in class.  In interview 1, Chris implied that fossil fuels were “pollution.”  In the same 
passage he spoke about CO2 emissions and pollution affecting the weather.  In both cases, his 
statements were so fragmented that it was hard to understand his description of fossil fuel’s 
relationship to climate change.   
Across the focus students, there was little emphasis on fossil fuels during interview 1, 
showing that students either had few accurate ideas about the source of CO2 or didn’t relate these 
ideas to causes of climate change.  As the semester continued, students began to increase the 
level of detail they used when explaining fossil fuels.  During interview 2, four of the focus 
students talked about fossil fuels, yet most of their comments were vague or incomplete.  Chris’ 
comment about fossil fuels was vague.  He stated, “inorganic CO2 being produced from the 
carbon cycle, with the burning of fossil fuels, such as coal, oil, natural gas, umm... the Earth is... 
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the climate is getting heavily affected by it.”  It was hard to determine exactly what Chris meant 
by this statement, yet he did not connect climate change with burning fossil fuels.  Charlotte 
stated that she knows that CO2 comes from fossil fuels, but did not go into further detail.  Lauren 
did not talk about fossil fuels in interview 2. 
Austa continued to have a weak understanding of fossil fuels.  She knew that burning 
fossil fuels increased CO2 in the atmosphere, but she struggled with the relationship between 
driving cars and CO2.  At first she didn’t seem to connect driving cars with burning fossil fuels.  
She said, “I think things like driving your car is also affecting [the climate] but I’m not sure 
about that.”  Her knowledge of driving cars and its relationship to the atmosphere stem from 
ATOC 1050, a class she took the preceding semester.  She said that she remembers the ATOC 
1050 professor saying that if everyone took the bus one day a week, it would change 
“something,” but she could not explain how.   
But at a later time during interview 2, Austa made the connection that driving cars is 
burning fossil fuels.   When I asked her to tell me what she knows about fossil fuels, she said,  
“Um, I know that us using like burning fossil fuels like for oil and like industrial things 
that we do every day um is causing an increase in CO2 in the atmosphere, and I guess that 
would also be like driving cars; would be contributing to that, so that’s basically all I 
know about fossil fuels.”    
She connected driving cars to fossil fuels and attributed the increase in atmospheric CO2 to 
humans during interview 2.    
This progress showed that Austa was constructing her understanding of fossil fuels.   
Despite the progress, it was still unclear if she understood where fossil fuels come from and what 
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they are.  Her weak understanding showed that she did not fully understand the anthropogenic 
mechanisms driving climate change.  
Lance’s interview 2 description included a detailed account of the cycling of carbon 
throughout the atmosphere.  He was the first focus student to do so.  But the reason for this was 
that his interview 2 occurred immediately after the professor taught the carbon cycle, while the 
other students’ second interview occurred before by virtue of scheduling.  As a result, the course 
material impacted his understanding.  At the same time, he stated that he was convinced that 
climate change was happening because of carbon dioxide emissions.  He said, 
 “Clearly there are a lot of ways that it is being emitted with cars and power plants and 
stuff like that.  It’s you know… nobody can deny that humans are producing more carbon 
than is naturally going to be produced.”   
He confidently attributed additional carbon dioxide in the atmosphere to human activities.   
Interview 3 represented a point in which all students’ understanding of fossil fuel burning 
significantly improved.  The professor taught the cycling of carbon in the atmosphere as well as 
played the movie “Crude” in class before this interview.   All students began to emphasize the 
impact of fossil fuels and anthropogenic climate change.  The increased emphasis and improved 
understanding showed that learning about the cycling of carbon in the atmosphere helped 
students understand the importance of fossil fuel burning’s impact on the climate. 
Corresponding with students’ increased knowledge of fossil fuels was student 
understanding of carbon sequestration.  All students discussed carbon sequestration during their 
interview 3, which no one had discussed before.  In general, students described settling of 
carbon-containing life at the bottom of the ocean, which eventually changed into fossil fuels.  
Students explained that fossil fuels store carbon that was present in the atmosphere at a time 
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when the climate was warm.  They explained that burning fossil fuels released this stored carbon 
and increased the Earth’s temperature.  For example, Austa discussed her ideas of carbon 
sequestration and the creation of fossil fuels.  
“Basically like, all the carbon got trapped at the bottom of the ocean, and basically over 
time turned into sedimentary rocks… now today we can like, I forget what kinda rocks 
they are called, we can burn them and get fossil fuels and also we can uh take fossil fuels 
from underneath the ground.”  
 Her increased knowledge of fossil fuels helped her understand anthropogenic climate change.  
She said, “When we burn them we are putting more CO2 into the atmosphere, and that’s why 
people believe driving cars and stuff is contributing to global warming.”  She explained why 
driving cars causes climate change.  She strengthened her understanding of anthropogenic causes 
of climate change from interview 2, when she struggled to understand the impact of driving cars.    
Some students also began to describe ideas of the relationship between anthropogenic and 
natural climate change while they described fossil fuel burning in interview 3.  Lance explained 
that fossil fuel burning caused climate change to be an anthropogenic process.   He said,   
“What we’ve been doing is releasing energy from [fossil fuels] and that takes the carbon 
back out and puts it back into the atmosphere as CO2 and that’s kind of  how a natural 
process has been turned anthropogenic and is now affecting our climate.” 
Lance acknowledged that climate change was both natural and anthropogenic.  Chris also 
described an anthropogenic/natural climate change relationship as a result of fossil fuel burning.  
He said that humans were “speeding up” the natural process of climate change because 
anthropogenic burning of fossil fuels added more CO2 into the atmosphere than necessary.   
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Students consistently held their ideas of carbon sequestration, as well as of fossil fuel 
burning, through interview 4.   Summaries of their ideas about fossil fuels can be seen in Table 
4.9.  All students used fossil fuels as strong evidence that climate change was anthropogenic.  
Two students attributed fossil fuel burning to “speeding up” of climate change, which is an idea 
that I discuss later.  Chris continued to explain his idea that human fossil fuel burning “speeds 
up” climate change.  Lance emphasized the idea that humans were speeding up a natural flux of 
carbon in the atmosphere.  He said,  
“And um, since we’re taking that, where it would have stayed for a long time in a 
reservoir and uh basically pumping it back into the atmosphere through burning it, we are 
uh speeding up this natural flux of carbon from one reservoir to another and uh we’re 
seeing a difference from when it was happening naturally.”   
Students’ understanding of fossil fuels may encourage them to think that humans are “speeding 
up” climate change because they realize how humans are quickly burning fossil fuels that were 
formed naturally a long time ago and over a long period of time.  
Once all of the focus students integrated fossil fuels into their ideas of anthropogenic 
climate change, their climate change understanding improved.  This integration occurred after 
the professor taught about the creation of fossil fuel and the carbon cycle.  Some students no 
longer expressed doubt that anthropogenic climate change was occurring.  This was the case for 
Charlotte and Austa, as I describe later in this section.  Other students developed the relationship 
between natural and anthropogenic climate change with the idea of ‘speeding up’ climate 
change, as Chris and Lance did.  It didn’t matter whether the student was a high performer or low 
performer at the beginning of the class, all improved as a result of learning about fossil fuels.    
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4.5.1.1 Some Students Didn’t Discuss How Carbon Changed Form As It Moved Through 
Reservoirs  
As students learned about fossil fuels, they also learned about the movement of carbon 
through the Earth’s system.  In some cases, students developed ideas related to the cycling of 
carbon that were incomplete.  There was evidence from the interviews that students may not 
understand that carbon changes form when cycling through the Earth System.  This was one of 
the “misconceptions” characterized by research described in Chapter 2.  Some focus students 
demonstrated evidence of this.  They do not talk about the chemical reactions that occur as 
carbon moves from one reservoir to another.   
The professor taught that carbon undergoes chemical reactions during the processes of 
photosynthesis, respiration, and decomposition.   She included these process’ chemical equations 
in her lecture slides.  She emphasized these during her discussion of the short-term carbon cycle.  
On the other hand, she did not emphasize the form changes when teaching about the long-term 
carbon cycle.  
In interview 4, Chris briefly discussed the conversion of carbon to fossil fuels.  He stated 
that carbon was captured by the oceans and stored at the bottom for millions of years.  But then 
he stated, “um.. plate tectonics move.  Long story… [mutters..] Sum it up, um, plate tectonics 
moves, gets compressed, becomes you know, condensed liquid or solid fossil fuels for us to use.”  
When he stated “sum it up” he breezed over the transformation of the carbon from organic 
material into fossil fuels.  This suggests that he did not understand the process.  Saying “sum it 
up” indicated a placeholder where he knew that something should occur, but could not explain 
what occurred. 
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In interview 3, Charlotte did not mention carbon changing form when she talked about 
the creation of fossil fuels.   This was a point of confusion for her as well.  She said, “So what 
happens is that fossil fuels are created in the ocean through the breaking down of marine life.  
Um and so, then there’s just a buildup of CO2.  Um, I don’t know.  It just breaks down into fossil 
fuels.  And that, when it’s burned it releases CO2.”  She said that marine life “breaks down” into 
fossil fuels, but didn’t explain how.  Also, when she said that there was a “buildup of CO2” it 
seemed like she thought that CO2 was building up at the bottom of the ocean.  Nowhere did she 
mention that this was carbon in a form other than CO2.   She also displayed that she was 
struggling, especially when she expressed her confusion by saying “I don’t know.” 
And then Charlotte said, “I think sedimentary rock, I think is a big.  Er. Yeah, it’s a big 
holder of CO2.  So, when there’s such stuff as erosion, um, and then it releases CO2.”  She talked 
about CO2 rather than carbon being contained in sedimentary rock.  And again she neglected to 
talk about carbon changing form.   
Lauren also exhibited evidence that she didn’t understand that carbon dioxide changes 
form.  At the beginning of interview 4, she didn’t talk about carbon changing form when it 
moved from a leaf into fossil fuels. 
“And then the carbon dioxide will stay in the plant leaf, and the plant leaf will die and 
you know they might wash down into the ocean, and then they go into the reserves, you 
know like… as… not gasoline, petroleum I guess, natural gas, things like that 
underground.” 
She said that the leaf contained the carbon dioxide when it is buried, despite an earlier statement 
that plants absorb carbon dioxide and convert it to oxygen and carbohydrate by photosynthesis.  
Lauren didn’t connect photosynthesis with the long-term burial of carbon.   
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These are examples of gaps in students’ understanding of carbon changing form as it is 
transferred from one reservoir to another.  These finding show that students do not fully 
understand the Chemistry related to the carbon cycle.  In this study, these incomplete ideas did 
not significantly impact students’ ideas of natural and anthropogenic climate change, which are 
more impacted by knowing that carbon is cycled throughout the Earth system.  However, it is 
important to note this weakness as a potential reason for climate misunderstanding, so that it may 
be investigated in future studies.     
 In contrast, Lance showed that he understood that carbon changes from during interview 
3.   Lance gave evidence that he understood that burning fossil fuels causes a chemical reaction 
and releases CO2 in the atmosphere, warming the climate.  He said,  
“When we burn it and whatever chemical process happens there where it combusts it uh, 
it takes the carbon that was trapped in these and releases it with the energy that we are 
getting from it and it puts the CO2 molecules back in the atmosphere, which enhances the 
greenhouse effect.”   
In this passage, Lance described the conversion of carbon from fossil fuel to CO2.  He was the 
only student who discussed this throughout the semester.   
Students did not have complete ideas about the chemical reactions involving carbon as it 
moved from one reservoir to another.   This could be because the professor didn’t present a 
chemical equation for the combustion of fossil fuels, nor did she emphasize that carbon changed 
form.   It is important to note this weakness in student understanding for future instruction.  
  
 124 
 
4.5.2 Deforestation, Another Major Anthropogenic Cause of Climate Change, Also 
Causes Other Environmental Problems.   
A second and just as popular explanation that students give for anthropogenic climate 
change was deforestation.  The professor introduced deforestation during the first two weeks of 
the semester.  She taught that deforestation changes the climate, but also said that deforestation 
kills species, and causes mass extinctions.   The professor discussed that land use changes such 
as the settlements of a city, can change the reflectivity of a location.  She said that this could 
have an effect on the climate, but didn’t describe how.  Her point was that land cover can impact 
the climate, but she did not say that a decrease in trees decreases the average global temperature.  
She stated that most discussion around global warming is about the impact of greenhouse gases, 
but that there are other things that affect it as well.  The professor taught about the climate 
impact of deforestation starting in the middle of the semester.  During her section on the carbon 
cycle, she taught that deforestation was one of the reasons for the increase in atmospheric CO2.  
During the second-to-last week of class, she described that the CO2 output from deforestation 
and fossil fuel burning cannot be balanced with any absorption.  She noted how the countries of 
Brazil and Indonesia have the highest deforested area.  Her emphasis on the climate impact of 
deforestation occurred before most students’ interview 3, and Lance’s interview 2.  
Four of the five focus students discussed deforestation in their interviews; the only one 
who did not was Chris.  When the other four discussed deforestation, they referred to it as an 
anthropogenic cause of climate change.  Lauren described why she thought that deforestation 
was anthropogenic in interview 3.  She said, “OK well, we have climate change that is 
anthropogenic caused, like deforestation.  I mean animals don’t destroy millions of acres of 
rainforest.  So we do that.”    
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Some students learned about deforestation before taking ATOC 1060.  Charlotte learned 
about it during an Ecology class.  Lauren said that she learned about humans cutting down the 
rainforests in elementary school.  In interview 1, she said, “I remember like when I was in 3rd 
grade, we learned about deforestation and we built a whole entire rainforest in our classroom and 
we’re talking about how horrible it is.”  She did not state that she learned a certain climate 
impact of deforestation, but rather implied that deforestation caused significant environmental 
harm because it has been going on for a long time.   
Although it was apparent to students that deforestation is anthropogenic, the climate 
impact of deforestation was not as apparent.  For example, in the quote in the previous 
paragraph, Lauren knew that deforestation harmed the environment, but did not describe how.   
Deforestation was the cause of other environmental problems besides climate change, so the 
focus students were challenged with determining the deforestation impacts that related to climate 
change and the ones that didn’t.  In addition to causing climate change by removing trees and 
plants that sequester carbon, deforestation threatens species through habitat reduction, causes 
erosion due to the removal of plants whose roots stabilize the soil, and reduces water quality as 
more freely-flowing water carries sediment into streams and rivers.  Because multiple 
environmental maladies result from deforestation, a student could struggle with figuring out how 
deforestation affects the climate in the absence of clear direction from the instructor.  During the 
struggle, students may consider other environmental impacts of deforestation before determining 
the climate impact.  Table 4.10 below highlights students’ ideas of deforestation at each 
interview.     
  
 
Table 4.10: Students’ ideas about deforestation 
Student Interview 1 Interview 2 Interview 3 Interview 4 
Lance Deforestation reduces 
trees which were creating 
equilibrium. 
Reducing rainforest 
reduces the ability for 
Earth to absorb CO2.  
Along with greenhouse 
gas emissions, it is 2-
sided. 
No deforestation 
discussion. 
No deforestation discussion. 
Lauren Learned about rainforest 
deforestation in 3
rd
 grade.  
Deforestation causes 
environmental harm. 
Deforestation is example 
of anthropogenic climate 
change.  No explanation 
of how. 
Humans remove 
plants through 
deforestation.   Less 
trees to suck up the 
CO2 that humans are 
adding. 
Deforestation ruins local 
ecosystems, messes with water 
cycle, messes with the 
composition of the ocean, 
messes with the amount of CO2 
that gets converted to O2. 
Charlotte Deforestation changes 
the albedo which leads to 
warmer temperatures 
(inaccurate). 
Land use changes alter 
the albedo. Earth absorbs 
more heat and gets 
warmer (inaccurate, 
struggled). 
Removing forests 
removes the 
absorption of CO2 
(accurate).  No 
forests cause sunlight 
to be absorbed, 
increasing the albedo 
(inaccurate). 
Admitted confusion. 
Main problem with deforestation 
is that removing trees that would 
absorb CO2 (accurate).  Don’t 
know how albedo works with 
deforestation (admitted 
confusion). 
Austa No deforestation 
discussion. 
Deforestation decreases 
biodiversity.  Wanted to 
know how it contributes 
to more greenhouse 
gases. 
Listed deforestation 
as cause for 
anthropogenic 
climate change. 
Deforestation removes plants 
that take in carbon. 
Chris No deforestation 
discussion. 
No deforestation 
discussion. 
No deforestation 
discussion. 
No deforestation discussion. 
 
1
2
6
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As can be seen from the table, Lance understood the climate impact of deforestation at 
the beginning of the semester.  In interview 2, he said,  
“Well, I mean the problem right now is what’s happening between, you know, rainforests 
getting cut down, basically and expansion of human civilization or use of plant matter as 
resources is cutting down the ability for the Earth to absorb CO2.  So not only are we 
personally producing more, but we are cutting down on the Earth’s ability to counteract 
it.”   
His quote highlighted that both deforestation and human release of CO2 are contributing to 
anthropogenic climate change.  These are his main ideas of human causes of climate change.   
On the other hand, Lauren, Charlotte, and Austa described non-climate impacts of 
deforestation early in the semester.  As discussed earlier, Lauren didn’t describe the climate 
impact of deforestation in interviews 1 and 2, even when she listed deforestation as an example 
of anthropogenic climate change.  Austa stated that the problem with deforestation is that it 
decreased biodiversity in interview 2, which also is not the climate change explanation.  
Charlotte tried to explain that deforestation caused climate change through changing the albedo, 
and used inaccurate reasoning.  These three students’ descriptions of deforestation’s impact on 
other environmental problems are examples of how the students dealt with the multiple 
environmental maladies of deforestation.   
Later in the semester, Lauren, Charlotte, and Austa’s deforestation ideas became more 
sophisticated.  Prior to interview 3, the professor taught about the carbon cycle, which included 
the climate impact of deforestation.  Once Austa and Lauren learned this, they integrated it into 
their explanations.  In interview 3, Lauren explained,  
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“I mean huge scales of acres of forests we’re getting rid of, which means those trees 
aren’t able to suck up the CO2 that we’re adding. So, all of those add their effect to a 
general increasing trend of CO2 concentrations.”   
This is the first time during the semester that Lauren explained why deforestation impacted the 
climate.  She continued to explain the climate impact during interview 4, but also considered 
habitat destruction a main problem of deforestation.  She said,   
“So I’d say that the main problems with deforestation is that it ruins local ecosystems by 
way of soil erosion, decreasing habitation, and it also harms Earth on a global scale 
because it ah… because it messes with…large global systems like carbon dioxide and 
oxygen balance.”   
By the end of the semester, Lauren understood that deforestation had multiple environmental 
impacts.   
 
4.5.2.1 Charlotte Struggled With Deforestation’s Relationship to Climate Change. 
Charlotte struggled the most of all the students with explaining how deforestation 
impacted the climate.  She integrated the idea that deforestation’s impact on the Earth’s albedo 
causes climate change.  This was evidence that students have the potential of to mix 
environmental problems.  Throughout the semester, Charlotte progressed as she began to 
incorporate CO2 uptake into her explanation.   
Charlotte learned about deforestation and land use change during an Ecology class she 
previously took in college.  This prior knowledge was revealed during Charlotte’s interviews.  
During the early interviews, Charlotte highlighted deforestation’s ecological impacts.   
Throughout the semester she worked to integrate climate change with what she previously knew 
 129 
 
about deforestation.  Sometimes this came in the form of a struggle.   Since deforestation led to a 
multitude of environmental problems including some in the areas of ecology and climate, 
Charlotte had to sort out one from the other.    
During interviews 1 and 2, Charlotte emphasized the climate impact of the change in 
reflectivity (albedo) rather than the change in the carbon sink.  In interview 1, she stated that the 
change in albedo due to deforestation warmed the Earth, which was inaccurate.  She said, “So 
land use change, when you take out trees…the Earth isn’t as able to absorb as much sunlight, 
long wave radiation from the Sun, and so with that the Earth is warming more.”  She displayed a 
struggle during her explanations because she stumbled over her words and often retracted 
statements when she changed her mind on the spot. 
At the time of interview 1, Charlotte knew that deforestation causes climate change, but 
she didn’t have an accurate explanation as to how.  It was possible that Charlotte was trying to 
relate deforestation to a warming of the Earth’s climate and tried to explain using the idea that 
albedo is changing.  But the change in albedo from deforestation leads to an increase in 
reflectivity and cooling of the climate.  So, this is not the mechanism that causes the climate to 
warm from deforestation.  When Charlotte tried to explain the climate warming with the concept 
of albedo, she mixed up words and displayed confusion.  
Charlotte may have emphasized the change in reflectivity because the professor talked 
about this during the beginning of the class as part of an introduction to the entire course.  At that 
time, the professor didn’t describe the climate impact due to changing reflectivity.   
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Charlotte continued to struggle with her idea that deforestation’s impact on the albedo warmed 
the climate in interview 2.  She still prioritized this as the reason why land use change impacted 
the climate.   She said,    
“Land use change can affect the albedo, which can um… and the albedo sends more short 
wave radiation back to space, just reflects it off the Earth, so if there’s less albedo, and 
um... let’s see... if there’s less albedo, the Earth will absorb more of the heat and therefore 
get warmer and so there’s less radiation travelling into space, just getting out of the 
atmosphere.”  
Again her description implied that she connected all land use change with a decrease in albedo, 
which is not necessarily accurate.   
In interview 3, after the professor taught about the carbon cycle, Charlotte began to 
incorporate the idea of CO2 cycling into her explanation of deforestation.  She understood that 
deforestation increased the amount of carbon in the atmosphere.  She said, “Taking away long 
chunks of forest, there isn’t that absorption of CO2.  So, instead of oxygen being in the 
atmosphere, there’s that extra CO2.”  But Charlotte attempted to incorporate the change in albedo 
into the explanation, even though her first statement was accurate.  She said,  
“Um… um and so, with deforestation there’s the sunlight, it gets absorbed, well the 
forests, it gets absorbed by the uh... the trees… but then if there... if the forest is not there 
anymore, then there’s increased albedo, which confuses me because… huh… I don’t 
know why albedo is such as confusing concept for me.”   
In the past, Charlotte struggled with the explanation of albedo in deforestation.  Now, she 
admitted that she was confused.  She identified albedo as something that she would like to learn 
more about.   
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Since the above statement didn’t make much sense, I asked her, “Ok do you want to 
make a statement about the relationship between the albedo and um deforestation.  Or do you 
just want to leave it kind of as ‘I don’t know?’”  Charlotte responded,  
“Well, I think that if…Ok I think that like the trees, act as albedo somehow, and then 
without all the trees there then all the radiation gets absorbed by the Earth, making it 
warmer, which would make sense to me.  Yeah, I don’t know.”   
She was trying to connect the deforestation with an increase in temperature because that “would 
make sense.”  She didn’t consider that using the albedo was not an accurate explanation.  She 
settled on “I don’t know” indicating that she was still uncertain. 
Charlotte had taken one step forward, but she was still working on her ideas.  She had the 
right idea from what she learned in class about the cycling of carbon, but was still trying to 
figure out the role of albedo.  
In interview 4, Charlotte focused on deforestation’s impact on the carbon cycle.  
Charlotte did not include albedo in her explanation, but rather the idea that deforestation reduced 
a carbon sink.  She mentioned albedo during a discussion about her learning.  She said that 
albedo was part of knowledge that she “pieced together” to understand deforestation’s impact on 
the Earth.   
Charlotte’s emphasis on deforestation’s impact on the amount of CO2 in the atmosphere 
instead of the albedo in interview 4 was much different from her ideas during prior interviews 
where she emphasized the albedo (interviews 1 and 2) or both deforestation and albedo 
(interview 3).  In interview 4, she admitted to still being confused about albedo, but she removed 
it from her explanation as to how deforestation impacted the environment.   
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Throughout the semester, Charlotte’s ideas of deforestation evolved.  In interviews 1 and 
2, she seemed to focus on the ecological perspective of deforestation because of her prior 
ecology classes.  As the semester continued, she had to incorporate information about climate 
change into her ideas of deforestation.   She began to focus on the climate perspective in 
interview 3 after she learned about the carbon cycle.  By interview 4, she focused on the CO2 
impact of deforestation rather than the albedo impact.   
 As seen by this example, things that impact the climate can cause other environmental 
problems as well.  When students generalize environmental problems, they can mix up causes 
and effects of other environmental problems with that of climate change.   Students then can 
struggle to figure out cause and effect relationships between environmental ailments and 
problems.  It may be useful for professors to distinguish among various environmental problems 
and concepts in a class on climate change since it may be easy for students to confuse these 
concepts.   
 
4.6 Students’ Ideas of Natural Climate Change. 
Students’ ideas of natural climate change were not as detailed as their descriptions of 
anthropogenic climate change.  They tended to list their ideas of natural climate change, as 
opposed to describing them.   Table 4.11 below lists these ideas.  
  
Table 4.11: Student ideas of natural climate change 
Student Interview 1 Interview 2 Interview 3 Interview 4 
Lance  Earth goes through 
phases of warm and 
cold because it is 
self-regulating. 
 Didn’t talk about any natural 
causes of climate change.   
 Climate change is natural and has been happening 
throughout Earth’s history.  It is much colder that it 
used to be.   
 Listed as natural climate change: El Nino and 
natural weather patterns.   
 Past climate changed occurred due to atmosphere 
changing from primarily methane-based to oxygen-
based.  
 Weathering of rocks, volcanoes, and geological 
processes naturally releases carbon into the 
atmosphere. 
 Climate change is natural.   
 climate was hotter in past, 
but carbon was absorbed 
by organisms in ocean.   
 Climate will trend in the 
“other direction” in future. 
Lauren  Earth is coming out 
of an ice age and 
warming up 
naturally. 
 “Cycles” are 
natural.   
 Natural climate includes 
things getting warmer or 
colder at different times.   
 Listed as natural climate 
change: albedo, El Nino and 
La Nina, how wet or dry it 
will be during a certain year, 
climate shifts, increasing 
deserts, and changing global 
weather patterns.    
 A long time ago, the Earth was really hot.  Plants 
absorbed the CO2 in the atmosphere, which cooled 
the atmosphere.  
 Listed as natural climate change: plant respiration 
and photosynthesis, natural weather patterns, 
growth and recession of ice caps, El Nino, the 
amount of pores that plants have on their leaves 
depending on the amount CO2 in the atmosphere.   
 Her grandpa thinks that climate change is a natural 
geologic function because of the glacial periods. 
 Earth has warmed and 
cooled.  
 CO2 fluctuated naturally.  
 High number of “mouths” 
on plants corresponded to 
little CO2.  If few 
“mouths”, a lot of CO2.   
 
Charlotte  Natural climate 
change includes 
Earth’s changing 
tilt, which causes 
Earth to go through 
interglacial and 
glacials cycles.   
 Listed as natural climate 
change: glacial cycles and 
shift in Earth’s orbit around 
the Sun. 
 Climate change is a natural process.  
 Breaking down of marine life creates ocean 
sediment.  
 Erosion releases CO2 from sedimentary rock.   
 Natural release of CO2 into atmosphere is 
controlled.  
 Earth goes through glacial cycles. Has to do with 
the Milankovitch cycles.  
 Animals in the ocean died because of the lack of 
oxygen.  There is a natural buildup of methane in 
the ocean.   
 Putting CO2 in a reservoir stabilizes climate.   
 Climate change is natural 
process of going in-
between interglacial and 
glacials. 
1
3
3
 
  
Student Interview 1 Interview 2 Interview 3 Interview 4 
Austa  Natural 
temperature 
fluctuations were 
natural cycles of 
ice ages and 
warming.   
 
 Earth naturally regulates 
itself through negative 
feedbacks. An increase in 
temperature leads higher 
terrestrial radiation and 
decreasing temperatures.   
 Solar luminosity has 
increased over the years. 
 Climate change happened in the past naturally.  
 Rock weathering feedback takes CO2 out of the 
atmosphere. 
 Earth was an iceball at one time and another time, 
it was really warm. 
 Listed as natural climate change: Sun’s luminosity 
getting hotter, natural feedbacks like the sea ice 
feedback, El Nino, and carbon cycle.   
 Water vapor is a higher concentrated greenhouse 
gas and it is natural. 
 In past, Earth stabilized itself.  Ocean would go 
anoxic and take in CO2. 
 Earth’s history contained 
ice ages and warm period. 
Chris  Didn’t label causes 
of climate change 
as “natural”. 
 Didn’t talk about natural 
causes of climate change. 
 Climate change involves natural cycles of warm 
and cold.  Humans are speeding these up.   
 Millions of years ago, air contained a lot of CO2.   
 Used to think that CO2 was “bad”, but now realizes 
that it is everywhere.   
 Being able to “swim at the 
south pole,” indicated that 
climate was warmer in 
Antarctica in the past.   
 Listed as natural climate 
change: volcanic activity, 
4 interglacial periods 
recorded in Vostok ice 
core.   
1
3
4
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One reason for natural climate change is changes in the Sun’s luminosity, which Austa 
said has gotten higher by 30% over Earth’s history during interviews 2 and 3.  She also said that 
volcanoes naturally change the climate during interview 3, but stated that she would like to know 
more details about volcanoes.  Austa emphasized that the Earth was regulating itself in 
interviews 1, 2, and 3.  She said that the more radiation the Earth absorbs, the more it radiates, 
which contributed to natural regulation.   
Lauren (interviews 2 and 3) and Lance (interview 3) classified El Niño and La Niña as 
“natural” climate change.  Also, Lance and Lauren considered change in weather natural, 
although weather is different than climate.  All students discussed the creation of fossil fuels 
through carbon sequestration in interviews 3 and 4.  They considered this a natural change, along 
with the corresponding geologic processes. 
The most common idea of natural climate change was the idea that the Earth warmed and 
cooled naturally during prehistoric times.  Lauren discussed this in all four of her interviews.  In 
interview 1, she said, “We go through ice ages and warming periods for millions of years and 
there’s the natural processes of it.”  Lauren’s descriptions tended to be vague and only include 
mention of hot times and cold times as she did in this quote.  Other students discussed the 
interglacial and glacial cycles of Earth’s past climate.  Charlotte mentioned these during all four 
of her interviews.  She also stated that natural climate change was caused by a shift in the Earth’s 
orbit around the Sun during the first three interviews.  Austa and Chris also talked about 
interglacial and glacial periods.  Austa talked about these as “times of hot and cold” during 
interviews 1 and 2.  Chris began to talk about these during interview 3, which corresponded with 
the time that he learned about past climates in class.  He also discussed them during interview 4.     
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The interglacial and glacial cycles were a popular natural climate change example among 
focus students.  Students were quick to point out that past climates were both warmer and cooler 
than present day averages.  As discussed in section 4.3, all students except Lance used these 
periods of warm and cold as reasons why some people think that climate change isn’t happening.  
Austa and Charlotte seemed to project their personal climate change doubts in their responses.   
A look at presentations on interglacials and glacials could show why this topic was 
memorable for the focus students.  Early in the semester (3
rd
 class), the professor introduced the 
idea that the Earth’s climate changed due to changes in solar luminosity.  She also introduced the 
idea that the Earth’s average temperature changed in the past by presenting students with a graph 
of the glacial and interglacials of the Pleistocene.  Figure 4.1 is a picture of this graph. 
Figure 4.1: Slide of glacial and interglacial cycles 
 
The professor clearly stated that thinking that current climate change is natural is 
incorrect.  However, the graph that she showed did not correspond with the point that she was 
trying to communicate.  The graph showed the fluctuations but did not show the very recent 
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increases in CO2 due to human emissions.  The current concentration of CO2 in the atmosphere is 
approximately 390 ppm and the graph showed “today’s” concentration as 280 ppm.   
Students who glance quickly at Figure 4.1 could gather that climate fluctuated back from 
warm to colder in the past.  They may extrapolate that the climate swings back and forth in a 
continuous cyclical pattern, which matches the focus students’ typical verbal descriptions of the 
glacial and interglacials.  However, the graph did not show that current CO2 concentrations and 
average temperatures are increasing and deviating from the past cyclical pattern.  If students do 
not understand that these deviations are occurring, the consequence could be a lack of 
understanding of anthropogenic climate change.  Austa and Charlotte both wondered whether 
current climate change was natural because climate change was natural in the past.  If they 
simply think that climate change is cyclical like the increases and decreases as depicted on the 
figure above, it could lead them to categorize all increasing temperature as natural.  As discussed 
in sections 4.7.2 and 4.8.3, both Austa and Charlotte struggled with understanding that climate 
change is both natural and anthropogenic.   
The professor didn’t teach natural climate change again until the middle of March, after 
all of the students’ second interviews.   She taught paleoclimate, revisited the Pleistocene 
glaciations and Milankovitch cycles, and Holocene climate change, where she taught the climate 
impact of powerful volcanoes.  As can be seen from the table, students’ ideas of natural climate 
change became more detailed starting at the their third interviews, which were conducted while 
the students were learning about past climate change.  At the beginning of April, the professor 
showed students models of the climate with and without anthropogenic impacts to emphasize 
that climate change is not only natural. 
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4.7 Development of a Relationship Between Natural and Anthropogenic Climate Change 
Played an Important Role in Students’ Climate Change Understanding.  
In some cases, students’ ideas that the Earth regulates its climate naturally challenged the 
idea that humans can change the climate.  They wondered, how can humans impact the climate 
when the Earth’s climate changed on its own in the past?  Their questioning of anthropogenic 
climate change was similar to climate skepticism displayed by the public.  Throughout the 
semester, students sought to understand how humans are impacting the climate beyond the 
Earth’s ability to regulate it.  They constructed a relationship between this natural and 
anthropogenic climate change to understand how climate change can be caused by both.  The 
timing of the construction corresponded to their improved understanding of climate change.   
In this section and the one that follows, I describe how the different focus students 
constructed this relationship.  First, I discuss students’ varying ideas about water vapor, 
especially the idea that students considered water vapor “natural” and thus water vapor’s 
greenhouse contribution “natural” as well.  Then, I discuss how Austa constructed a relationship 
between natural and anthropogenic climate change while struggling to accept that anthropogenic 
climate change is happening.  Section 4.8 highlights students’ definitions of climate change that 
are different than these of the professor.  I describe the ways that Chris (section 4.8.2) and 
Charlotte (section 4.8.3) construct their ideas of the natural and anthropogenic relationship along 
with their definitions of “climate change.” 
 
4.7.1 Water Vapor Challenged Students’ Ideas of Climate Change 
I noticed that students struggled to accept the idea that the Earth can be impacted by both 
natural and anthropogenic climate forcings when I witnessed some students wrestling with the 
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concept of water vapor.   In an optional laboratory class (ATOC 1070), some students learned 
that water vapor had the highest atmospheric concentration of all the greenhouse gases.   They 
considered water vapor to be “natural.”  Subsequently, they questioned why anthropogenic 
climate change was a concern when “natural” water vapor was a bigger contributor to the 
greenhouse effect than CO2.   
The lower-performing focus students, Austa and Chris, struggled when they learned 
about water vapor in the laboratory class.  They became stuck on classifying water vapor’s role 
in climate change as “natural” and didn’t seem to fully understand that it is enhanced by humans.  
Austa wondered, why the fuss over CO2 if it is the lesser greenhouse gas?  She stated, “There’s a 
much higher concentration of water vapor than CO2 in the atmosphere.  And uh like H2O is kinda 
a natural thing in our atmosphere, so that would be like, [climate change’s] supposed to be 
happening almost.”  Austa’s classification of water vapor as something “natural” caused her to 
infer that climate change was a result of “natural” water vapor.   She began to struggle with the 
idea that “natural” climate change was dominant over the CO2-caused, anthropogenic climate 
change.   
Similar to Austa, Chris struggled because of his ideas that water vapor was a “bigger 
contributor” to the greenhouse effect than CO2.  During interview 3, he gave a convoluted 
explanation about his ideas of water vapor that was difficult to interpret.  He stated,  
“Yeah, CO2’s very abundant, but the water vapor helps like stimulate the CO2, which is a 
main, which is like the neck, I guess you could say of climate change.  Cause we’ve been 
focusing on CO2 as like the head, the forefront of all, but I think CO2 been a scapegoat 
for water vapor…. [Water vapor] pretty much just adds to it, just helps, like I don’t 
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know… circulate it and stuff like that throughout; throughout the climate and the 
atmosphere and stuff like that.” 
He presented an unclear relationship between CO2 and water vapor.  He appeared confused, but 
this is a common characteristic of a hybrid conception.  Chris’ description that CO2 is a 
“scapegoat” for water vapor could mean that CO2 takes the blame for climate change because it 
has a “bad” reputation.  He may have thought that water vapor should take more of the blame 
because it was a “bigger contributor.”  
As soon as Chris finished describing his idea of the relationship between water vapor and 
CO2, he stated, “So, I think climate change is natural. We had a warm period a couple billion, 
millions years ago.  So, it’s only, I think we’re entering into a new cycle now.”  The 
juxtaposition of this statement immediately following a statement about water vapor could mean 
that Chris thought that water vapor represented something natural and thus caused natural 
climate change.  If this was the case, his ideas about water vapor would be very similar to 
Austa’s; that it is natural and thus related to natural climate change.   
If so, then Chris’ quote about CO2 being a “scapegoat” could mean that he thought that 
the focus of concern is on CO2 because it is human-produced.  Less focus would be on water 
vapor because it is natural, even though it contributes to climate change too.  CO2 is “blamed” 
for the impacts of both itself and water vapor. 
Chris and Austa’s idea that “natural” water vapor is the biggest contributor to the 
greenhouse effect caused them to struggle with their ideas of natural and anthropogenic climate 
change.   Austa questioned why human-caused climate change was a concern, but had already 
displayed this skepticism in interview 1 as I discuss in the next section.  Chris attempted to 
resolve this struggle by describing CO2 as taking the “blame” for water vapor.  Both students 
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address this struggle when they understand that climate change can be both natural and 
anthropogenic.  I describe these ideas in section 4.7.2 (Austa) and section 4.8.2 (Chris).   
On the other hand, Charlotte didn’t classify water vapor as “natural” and didn’t struggle 
with the relationship between it and climate change.  She understood that the addition of CO2 
would enhance the climate impact of water vapor due to feedbacks in the Earth’s system.  She 
described this in interview 1.  She said that an increase in greenhouse gases will increase the 
temperature and put more water vapor in the atmosphere, which will “make the greenhouse 
effect even larger.”  In interview 3, she continued to say that water vapor’s impact on climate 
was enhanced by other greenhouse gases.  She stated, “With the water vapor feedback… it’s like 
a positive feedback, so that means that, one perturbation... could amplify the whole effect [of 
greenhouse gases].”  Her description of this relationship is different than describing water vapor 
as “natural” as Austa does.  Perhaps Charlotte had a more robust understanding of the 
relationship between CO2 and H2O, or maybe she simply had not experienced the confusion 
caused by the laboratory experiment.  
Even though Charlotte understood that the water vapor greenhouse contribution is 
enhanced by CO2, she still struggled with the idea that climate change can be both natural and 
anthropogenic.   This could have been due to struggling with other ideas such as the idea that 
natural climate change prevails over anthropogenic.   Charlotte’s case is discussed in section 
4.8.3. 
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4.7.2 Austa’s Struggle With the Relationship Between Natural and Anthropogenic 
Climate Change.  
Austa struggled with understanding that climate change is both natural and 
anthropogenic.  This section highlights this struggle and how she constructed a relationship 
between her ideas of natural and anthropogenic climate change.  Throughout the semester, she 
went back and forth between accepting and questioning anthropogenic climate change.  
   Knowledge of natural climate change caused Austa to question whether humans 
impacted the climate.  She questioned anthropogenic climate change at the beginning of the 
semester because she learned that the climate naturally changes over a long time and didn’t 
understand all of the anthropogenic impacts to climate.  When she learned about fossil fuel 
burning and deforestation, she struggled to incorporate these anthropogenic causes with the 
natural ones.   
Her ideas evolved to acknowledge anthropogenic climate change by the end of the 
semester.  This was after she constructed the relationship: humans are increasing the rate of 
natural climate change.  Refer to Table 4.12 for a summary of Austa’s ideas of natural and 
anthropogenic climate change to see how they evolved throughout the semester.   
 
 
  
Table 4.12: Austa’s ideas of climate change 
Interview Natural Anthropogenic Outcome 
Interview 1: 
Feb. 8, 2010 
 
 Knew that climate changed 
naturally in the past.  “And 
like there was an ice age 
and now there’s global 
warming and it seems like 
it’s just kind is the way 
that the Earth is like 
stabilizing itself and it’s 
more natural.” 
 Did not know the source of CO2. “I think 
CO2 comes out of mud bogs.” 
 Used the term “pollution”. 
 Wanted to know more about human 
causes of climate change. 
 
 Skeptical of anthropogenic climate change. 
“I guess, just, I don’t really understand how 
global warming is human caused?” 
 
Interview 2: 
Feb. 15, 2010 
 
 Stated that climate 
feedbacks are natural 
because they stabilize the 
climate. 
 
 Stated that fossil fuels increase CO2 in the 
atmosphere, causing warming.  Figured 
out that driving cars burns fossil fuels 
during interview. 
 Didn’t know how deforestation 
contributes to climate change. 
 Wanted to know more about human-
caused climate change. 
 Learned human causes of climate change, 
“which makes me realize, that it’s not just 
something occurring naturally.”  
 
Interview 3: 
Mar. 18, 
2010 
 
 Struggled with the idea: 
water vapor is the biggest 
contributor to the 
greenhouse effect. 
 
 Knew that climate change is caused by 
fossil fuel burning.   
 Stated deforestation decreases photo-
synthesis, leading to more CO2 in the 
atmosphere. 
 Wanted more information on 
anthropogenic causes of CO2. 
 Evidence suggested that Austa understood 
human-caused climate change but at the 
same time questioned it because of her 
water vapor ideas.  Her conflicting ideas 
showed she was struggling with her 
conceptions. 
 Developed the idea that climate change 
“happened in the past naturally, but it’s at 
such an increased rate not because of what 
we’re doing.” 
Interview 4: 
Apr. 28, 2010 
 
 Did not discuss natural 
climate change. 
 Stated that fossil fuel burning enhances 
the greenhouse effect, causing the Earth 
to warm more than it should. 
 Stated that deforestation prevented plants 
from taking in carbon. 
 No longer questioned climate change.  
Stated “I definitely understand [climate 
change] now and believe it’s happening.” 
 Said that she’d only tell her friends about 
the human-causes of climate change.  
1
4
3
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In interview 1, Austa knew that the climate had changed naturally in the past, but she did 
not have many ideas about anthropogenic climate change.   She did not know the source of CO2, 
even though she knew that CO2 played a role in the greenhouse effect.  She said, “I think CO2 
comes out of mud bogs.”   She also didn’t describe anthropogenic causes of climate change like 
fossil fuel burning or deforestation, which showed her lack of understanding of anthropogenic 
climate change.   
Austa’s lack of knowledge about anthropogenic climate change caused her to struggle 
with the idea that climate change is human-caused.  Austa showed that she was uncertain about 
anthropogenic climate change when she stated, “I guess, just, I don’t really understand how 
global warming is human caused?”  She challenged anthropogenic climate change with the idea 
that climate has changed in the past and as a result concluded that climate change appeared to be 
natural.  She stated,  
“[Climate change] seems just like it was a natural thing that’s just coming about.  And 
like there was an ice age and now there’s global warming and it seems like it’s just… the 
way that the Earth is like stabilizing itself and its more natural, so I kinda wanna 
understand more of why people think it’s human caused.”   
Austa’s ideas of human-caused and natural climate change seemed to challenge one 
another as if one needed to dominate.  She acknowledged that there was additional CO2 in the 
atmosphere from human activities from “pollution,” but emphasized natural causes of climate 
change.  She said, “When we look over the years, like the different temperatures like in the 
world, uh there’s been times of like really hot and then really cold, so I don’t really understand 
why everyone is like making a huge deal out of it now.”  She expressed doubt about current 
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climate change because climate change happened naturally in the past.  Therefore, she may not 
understand that climate change can be anthropogenic in addition to natural.   
During interview 2, Austa stated humans caused climate change but didn’t describe how 
they impacted the climate.  She affirmed that she was skeptical of climate change during 
interview 1.  “Last time I don’t think I was as convinced that [climate change] was human 
caused.”  She attributed her acceptance of anthropogenic climate change to “all the examples of 
human caused things… which makes me realize, that it’s not just something occurring 
naturally.”   She said that greenhouse gases are “human caused” by activities such as 
“decomposing trash,” “deforestation,” and “methane being released.”  Despite her alleged 
acceptance of anthropogenic climate change, she did not know how these human activities are 
causing climate change.  She couldn’t explain how deforestation increased CO2.  She said, “All I 
know about this is that cutting down trees, we’re creating less biodiversity and, it’s obviously 
affecting the atmosphere.” Although she used the definitive term, “obviously,” she did not give 
and explanation.  Also, Austa knew very little about fossil fuels.  She said, “I think things like 
driving your car is also affecting [the climate] but I’m not sure about that.”  She said that she 
wanted to know more about deforestation’s and driving’s contributions to climate change.   
Despite Austa’s verbal acceptance of anthropogenic climate change, she still indicated 
that she wanted to know more about the anthropogenic causes.  Her need to know more showed 
she was not totally convinced.  As described in section 4.3.5, Austa may have projected her own 
skepticism into her response to the interview question, “Some people think that climate change 
isn’t happening.  Why do you think they think that?”   She said, “people think that [climate 
change is] just a natural occurring thing like our Earth has gone through ice ages, and then I 
dunno, I think that people just think that it’s kinda a natural cycle.”  She also stated that people 
 146 
 
may think that the Earth is naturally stabilizing itself.  If these answers reflect Austa’s personal 
views, she could still be questioning climate change. 
In interview 3, Austa made contradicting statements of her ideas of anthropogenic 
climate change.  At one point, she stated with certainty that climate change is human caused.  At 
another, she wondered whether climate change was just natural.    
By interview 3, Austa and the other focus students had learned about the creation of fossil 
fuels and the impact of deforestation on climate.  As a result, Austa explained the use of fossil 
fuels, which she didn’t do before.  She said that fossil fuels are used for, “Um, gas for cars and 
electricity.  So like when we burn them we are putting more CO2 into the atmosphere, and that’s 
why people believe driving cars and stuff is contributing to global warming.”   Similarly with 
deforestation, she was able to detail how it caused climate change.  “If we are doing 
deforestation and cutting down all the plants and photosynthesis is going to decrease a lot, which 
will lead to a lot more CO2 in the atmosphere, which will warm up our Earth in turn.”  Austa’s 
knowledge of the processes and climate impact of fossil fuels and deforestation increased her 
understanding of climate change.   
At one point in the interview, Austa emphasized these anthropogenic causes and 
described the relationship between natural and anthropogenic climate change.  She said,  “Um… 
um like [climate change] happened in the past naturally, but it’s at such an increased rate now 
because of what we’re doing.”  Austa gave examples of things that result from this faster rate of 
climate change: Ice melting at a faster rate and CO2 concentration increasing at a faster rate.  She 
said, “And basically all these things is showing that global warming is happening and it’s not just 
natural, it’s definitely human caused.”  This statement seemed to show that Austa was sure that 
climate change is anthropogenic.  
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But at another point during the interview, she questioned anthropogenic climate change 
in a way similar to her responses in interview 1 and 2.  Austa stated that she wanted to know 
more about the natural causes to climate change because the class recently learned about 
paleoclimate.  She said, 
 “But I guess I just want to know [past climate change] more in depth because then 
maybe you could understand more of why climate is the way it is today and if we should 
be worried about it getting warmer and if it is just natural I guess.”   
Questioning anthropogenic climate change showed that she was still struggling with accepting it.    
Another reason that caused her to struggle with anthropogenic climate change was her 
idea that water vapor is “natural” and more highly concentrated in the atmosphere than CO2. 
When she described water vapor, she again wondered if climate change was “supposed to be 
happening.”   Section 4.7.1 gives a complete description of Austa’s ideas of water vapor.   
Austa’s questioning of natural climate change directly contradicted her statements of 
certainty that occurred in the same interview.  This showed that Austa was struggling with both 
ideas.  She also included a relationship between natural and anthropogenic climate change when 
she said that climate change was happening at an increased rate due to human activities, despite 
it happening naturally in the past.  The presence of this idea could indicate that she was on her 
way to understanding the anthropogenic component of climate change.     
In interview 4, Austa did not struggle with the natural climate change and accepted that 
climate change could be caused by both natural and anthropogenic means.  At the end of 
interview 4, she stated, “I definitely understand [global warming] now and believe it’s 
happening.”   This quote clearly expressed her certainty of anthropogenic climate change.  She 
did not question climate change as in previous interviews.     
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However, Austa didn’t forget her struggle with the ideas of natural climate change.  
When describing what she would tell a friend about climate change, she said, “I’d tell them like 
the human caused things, not like natural caused things because that like more believable, I 
guess.  If you realize that humans are causing it, then you’d know it’s not natural.”  Her saying 
that she’d avoid the natural causes was evidence that prior to interview 4, she struggled with 
integrating these ideas.   
Similar to her suggestion, Austa focused on the anthropogenic causes of climate change 
including fossil fuel burning and deforestation in interview 4.  She demonstrated an improved 
understanding of the source of CO2.  She knew that driving cars burned fossil fuels and enhanced 
the greenhouse effect.  She said, “because to drive cars you need fossil fuels and gas.  And 
driving it is burning fossil fuels, which is emitting carbon and pollution.”  She also 
communicated the climate impact of fossil fuel burning.  She described deforestation and its 
impact on the atmospheric CO2 concentration.  She no longer questioned these sources of CO2 
emissions as she did in prior interviews.     
Austa didn’t display a struggle around water vapor, so it is possible that she either tabled 
her struggle about water vapor and climate change or settled on the idea that climate change is 
anthropogenic.  I didn’t ask her about water vapor in interview 4, so there is no evidence as to 
how she integrated this idea into her conceptions.   
Austa described her ideas of the relationship between natural and anthropogenic climate 
change.    
“Um, well the greenhouse effect keeps our Earth warm and livable, but because of 
humans, anthropogenic causes like burning fossil fuels, and polluting, and deforestation.  
Um there’s an enhanced greenhouse cycle, because things like, burning fossil fuels, is 
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like burning carbon from like fossilized carbon, which is releasing carbon into the 
atmosphere which shouldn’t be in the atmosphere, which is causing the Earth to warm 
itself more than it should be.” 
Her idea that anthropogenic causes enhance the greenhouse effect was evidence that Austa 
understood there was an anthropogenic component to climate change.   
As I described in this section, Austa struggled with the idea that climate change was both 
natural and anthropogenic throughout the semester.  She wanted to understand why climate 
change was anthropogenic, but was challenged by the idea that climate change occurred naturally 
in the past and her classification that highest concentrated greenhouse gas in the atmosphere, 
water vapor, was “natural.”  She constructed the relationship that humans were increasing the 
rate of natural climate change.  After alternating between certainty and doubt, she understood 
that anthropogenic activities enhance the natural greenhouse effect..   
 
4.8 Students Had a Definition of “Climate Change” That Was Different Than the 
Professor’s. 
Three of the focus students had a definition of “climate change” that was different than 
the professor’s.  Lauren included environmental problems that were not causes or effects of 
climate change in her descriptions of climate change.  Her ideas were too broad and conflated.   
Chris and Charlotte defined “climate change” as only the natural processes of climate change, 
such as the climate change that has happened in the past.  They considered “global warming” the 
climate change that occurs due to human actions.  These definitions differed from that of the 
professor, who used “climate change” to represent both natural and anthropogenic changes and 
“global warming” to represent the warming of the Earth due to anthropogenic factors. 
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Even though Chris and Charlotte constructed similar definitions, they did so at different 
times.  Charlotte began the semester with this definition and ended the semester with the same 
ideas.  Chris seemed to construct his definition of “climate change” during the semester, in 
particular around interview 3 after he learned about natural climate change of the past and the 
creation of fossil fuels.  At the same time as as they were creating these definitions, both students 
had the idea that climate change is natural and humans are “speeding it up.”   
The professor defined “global warming” during the second lecture.  “Global warming is 
the increase in Earth’s surface temperature brought about by a combination of industrial and 
agricultural activities.”  This definition implied that anthropogenic factors caused global 
warming.  The professor stated that “global warming” is anthropogenic in the third lecture.  She 
said, “One of the major issues of global warming is that people think it is caused by natural 
things.  In this class we will learn how humans affect climate…and how global warming is 
anthropogenic.”  During the remainder of the class, she used both the terms “global warming” 
and “climate change” to represent human-caused climate change.   
The professor did not formally define the term “climate change” during the lectures, but 
used it in context during the course.  Sometime she used it in a context that implied it was caused 
by anthropogenic forcings.  At other times, her context implied natural forcings.  Early in the 
semester she taught that climate feedbacks enhance impacts of CO2.  She said, “This is what 
freaks me out about climate change.”   In this instance, she used “climate change” in context 
with human-released CO2.  During the middle part of the semester, the professor taught pre-
industrial revolution climate change, where she used the term “climate change” to imply changes 
caused by natural forcings.  Towards the end of the semester, the professor taught present-day 
climate change and climate change consequences.  She again used the term “climate change” to 
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describe the change in average temperature due to human activities.   Based on the variety of 
contexts, students might have been able to figure out that climate change is caused by both 
natural and anthropogenic forcings.  But it was possible that the various contextual usages of the 
term confused students and led them to construct their alternative definitions.    
Students’ alternate definitions of “climate change” showed that it is possible for students 
to construct a definition of “climate change” that is different than the scientifically accepted 
definition, even though they are taking a class on the topic.  Instructors and scientists shouldn’t 
assume that their audiences of students and the general public make the same meaning out of the 
phrase “climate change” as they may intend it to convey.   
 
4.8.1 Lauren: Definition of “Climate Change” That Was Too Broad 
Throughout the entire semester, Lauren, the 2
nd
 highest-performing focus student had a 
definition of “climate change” that was too broad.  She associated other environmental problems 
with climate change, and hence her ideas of climate change were conflated.  She presented many 
of these conflated ideas at the beginning of the semester. 
In interview 1, most of her ideas were too broad and did not constitute climate change.  
She referred to climate change as the trash pile in the middle of the Pacific Ocean, agricultural 
run-off, and the cycles of life.  As she described ocean life eating the plastic from the “trash 
pile,” she defined “global climate” as “something that’s on a global scale.”  She described 
“climate change” as any change that impacted global systems and interfered with “the natural 
cycle.”  This was evidence that she equated global scale with global climate.  Her confusion over 
these terms could be the reason why she conflated “climate change”. 
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Lauren’s description of agricultural runoff and biodiversity did not relate to climate 
change.  Lauren suggested that pollution in the water, in the form of “poop,” impacted the 
amount of evaporation.  She did not discuss the temperature of the Earth impacting the amount 
of water vapor, but emphasized “pollution.”  Lauren also included biodiversity and food webs in 
her definition of climate change.  She summarized her ideas of “global climate” when she said, 
“Yeah, and like the cycles of life. You know, if I litter off the coast of California, the streams are 
going to pick it up, so just just kinda like I guess, global climate as like Gaia and the entire Earth 
and how everything is interrelated.”  Again, this was a conflated idea of climate change.   
Lauren also connected “climate change” to things that were accurate.   She said, “So 
when I think of global climate, I think of, the weather, and the temperature, global warming, 
things like that.”  She didn’t describe the relationship between these and climate change in detail.  
Even though she could list some things that accurately relate to climate change, she still included 
too much in her definition.   Examples of Lauren’s climate change ideas that were too broad can 
be found in Table 4.13. 
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Table 4.13: Lauren’s ideas of “climate change” 
Interview Conflated ideas of “climate change” 
Interview 1:  
Feb. 5, 2010 
 The “trash pile” in the middle of the Pacific Ocean. 
 The impact of agricultural runoff into oceans.  “If my chicken poops, it could 
be related to like how much ocean water gets evaporated, you know like the 
rate of evaporation and condensation and precipitation, you know it can be 
that interrelated.” 
 Biodiversity and food webs. 
Interview 2:  
Feb. 19, 2010 
 Humans dam rivers, which decreases the size of the river downstream, which 
impacts salmon and all the birds and animals downstream as a result. 
“Building dams and changes the natural flow of water, which changes things 
like ecosystems.  So, that all fits under the big umbrella.”   
 Pig farm releases “poo” into the river, which causes a lot of algae and no 
oxygen and the fish cannot breathe.   
 Pollution in the rivers causes mutations in frogs. 
 CFCs in the atmosphere change the amount of ozone, thus changing the 
composition of the atmosphere. 
 Humans “messing up the composition of animal life in the ocean” such as the 
blue fin tuna population. 
 
Interview 3:  
Mar. 18, 
2010 
 Didn’t describe environmental problems and call them “climate change”. 
 Ozone depletion is climate change. (She didn’t say that ozone depletion 
causes climate change.) 
Interview 4: 
Apr. 30, 
2010 
 Deforestation changes the water cycle as well as the amount of CO2 in the 
atmosphere.    
 Small scale climate change includes biodiversity and ecosystems, but had no 
explanation around this.  
 
In interview 2, Lauren seemed to include almost any environmental problem in her 
description of climate change, which was evidence that she conflated its definition.  Lauren’s 
interview 2 definition of climate change wasn’t very clear.  She said, “I guess the actual 
definition is ‘agricultural and industrial ah effects’ are the ones that it like changes.”  She said 
that she looked in the book to find this definition and that her ideas have changed from interview 
1, but based on the examples that she described, her description of climate change included many 
more broad environmental ailments. 
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In interview 2, Lauren included some things that relate to climate change such as 
deforestation, icebergs and ice caps melting, but she didn’t accurately describe the relationship 
between these things and climate change.  For example, Lauren said that deforestation is “a” 
climate change rather than “causes” climate change.  She said, “And it’s just like saying climate 
change is things just like deforestation, which is you know is an obvious climate change.”  The 
term “climate change” could mean something different to her than the changing of the climate 
due to increased greenhouse gases in the atmosphere.  It is unclear as to exactly what this term 
meant to her by her examples.   
In interview 3, Lauren didn’t state multiple conflated examples of climate change.  
Instead, she used mostly accurate examples of climate change such as periods of warm and cool, 
carbon dioxide causing climate change, sea ice changes.  The only thing that may be a conflation 
is that she listed the ozone hole as climate change.  She did not talk about animal migration and 
many of the other environmental problems as she did in the previous interview. 
Even though she didn’t say these conflated ideas doesn’t mean that she didn’t think them.  
Her idea that “sea ice melting and regrowing” is climate change may include conflated ideas if 
she considered growing and shrinking a climate change whereas sea ice melting is an impact or 
evidence of climate change.  However, she didn’t explain how the sea ice grows and shrinks.  
Because of her lack of explanation, it is indeterminate whether or not she thought that sea ice 
was driven by the amount of CO2 in the atmosphere or whether this was just another 
environmental “change” that she included in her definition of “climate change.” 
In interview 4, Lauren had some conflated ideas of climate change, but also some correct 
ideas.  She described both the climate and some of the other impacts of environmental changes.  
For example, when she talked about deforestation, she first mentioned that it “messes” with the 
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water cycle and called this “climate change”, which is a conflation, but then she said that it 
changes the amount of carbon dioxide that is converted into oxygen.  She switched her focus to 
the impact of carbon dioxide.  She said, “If you have more carbon dioxide, the Earth gets a little 
bit warmer.  And then also it changes like the composition of the ocean.”  This was different than 
her previous thoughts about the ocean, where she focused on overfishing.   
Lauren utilized conflated ideas to describe “climate change” throughout the class, and 
thus had a definition that was different than the professor’s.  This could result from intertwining 
climate change with other environmental issues that she learned in classes prior to ATOC 1060.   
The professor covered some of these such as ozone depletion, food chains, and biodiversity 
during ATOC 1060, but did not say that they were “climate change.”  For example, the professor 
taught about water, but did not say that everything related to the water cycle was “climate 
change,” as Lauren suggested.  Another example was that Lauren seemed to consider everything 
about ozone climate change.  But even though the professor taught ozone depletion, she taught 
that it had nothing to do with climate change or global warming.  In interviews 3 and 4, Lauren 
utilized more descriptions that were in-line with the professor’s definition.  This could result 
from the professor’s emphasis on climate-related effects rather than the non-climate 
environmental impacts.  She was moving toward the accurate explanation, but still utilized ideas 
that she had at the beginning of the semester.   
Lauren’s broad and conflated ideas relate to students’ generalization of climate change 
ideas documented by prior literature and discussed in Chapter 2.  One way that students make 
generalizations is by mixing up causes and effects of climate change with each other (Boyes and 
Stanisstreet, 1992; Boyes et al., 1993; Groves and Pugh, 1999; and Pruneau et al., 2003).  Lauren  
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mixed-up the environmental problems that constitute climate change with other environmental 
problems.    
 
4.8.2 Chris Developed a Definition of Climate Change That Was Different Than the 
Professor’s. 
Chris also had a definition of “climate change” that was different than the professor’s, 
which he constructed in interview 3 and consistently held in interview 4.  Unlike Lauren, he did 
not include ideas that were too broad in his final definition.  Instead, he emphasized that the term 
“climate change” means natural climate change only and the term “global warming” describes 
anthropogenic climate change.  As will be described in this section, his definitions could result 
from the way he constructed his conceptions in an attempt to differentiate between the two types 
of causes. 
Chris didn’t use coherent descriptions when explaining climate change in interview 1.  
He gave unclear explanations that were vague and jumbled (see Table 4.7).   By interview 2, he 
had developed a basic understanding of climate change.  He said, “It starts with the greenhouse 
gases, I think, the base of climate change, I think because we are increasing them, which… 
increasing the temperature of the Earth.”  He made vague and almost non-interpretable 
statements about fossil fuels and he did not discuss natural climate changes of the past.  Chris 
knew that humans increase the amount of CO2 in the atmosphere.  He did not explain the 
relationship between fossil fuels, carbon dioxide, and climate change.  
But by interview 3, after Chris learned about past climate change, the carbon cycle, and 
watched the movie “Crude”, his ideas of fossil fuels become much more detailed.  He explained 
that fossil fuels were created during a warm era when CO2 was abundant.  He said that 
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“phytoplankton carried all the CO2, and stored it down, and that’s how we got all our oil today, 
and we’re burning CO2 now, and it’s going back into the air.”   Also during interview 3, Chris 
described climate change that had occurred in the past.  He said,  
“back in the day, at least what I learned in a semester of this class, Earth was warm, the 
Earth had so much CO2 in the air.  There was so many dead zones, dinosaurs, you know.  
It was hot, you could swim at the south pole, all that good stuff.”   
Here, Chris described some features of past climates, including high temperatures correlating to 
a high concentration of CO2.  The appearance of this explanation in interview 3 was an 
indication that Chris had learned more information about climate change, in particular about past 
climates, from class.    
However, Chris began to make contradicting statements about climate change.  He said, 
“Everybody says that we made global warming.  No, we didn’t make it, it’s a natural thing, and 
it’s crazy to think that you know.”  Based on this statement, it seems as if Chris is saying that 
global warming is not anthropogenic and only natural.  But in an adjacent sentence, Chris made a 
statement that directly contradicted this idea.  He stated, “Global warming is a man-made thing.”  
He also said that humans were adding CO2 to the atmosphere by burning fossil fuels causing a 
warm period.  This showed that, in interview 3, he thought that humans affect the climate.    
Chris may have made these contradictory statements because he was struggling with the 
definition of “global warming.”  His struggle may define a moment when he is in a process of 
constructing his ideas about natural and human-caused climate change.  At the end of the 
interview, he settled on a definition of “climate change” that only included natural climate 
change.   He said that he would agree with a person who said that climate change is natural.  He 
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continued to explain that in the past the South Pole was warm and the land was different.  He 
didn’t add that climate change was also human-caused.   
But this didn’t mean that he didn’t accept human-caused climate change.  Previously in 
interview 3, he described humans’ impacts on the climate through the burning of fossil fuels.  He 
stated, “We found all the oil.  We found all the natural gas.  Burned it all up.  We’re adding more 
CO2 than what’s necessary.”  Chris’ understanding of anthropogenic climate change, as 
described here shows that he is not a climate skeptic, and when he says that climate change is 
natural, it doesn’t mean he doesn’t think that humans are not also impacting the climate. 
 Also in interview 3, Chris presented the idea that humans were “speeding up” natural 
climate change.  He described this idea multiple times during interview 3.  He describes that 
climate change is a natural process that occurred in the past.  He described humans’ “speeding 
up” climate change as the human-caused increase in atmospheric CO2.  He said, “Because of the 
fossil fuel burnings that we’ve been doing, we’ve been adding more CO2 into the air.  We’re 
speeding up, we’re adding more into it.”   The fact that Chris’ idea of “speeding up” 
corresponded with his construction of the definitions of “climate change” and “global warming” 
could mean that these ideas were constructed together to help him make sense of the relationship 
between natural and anthropogenic climate change.     
Chris’ idea that humans are speeding up natural climate change also coincided with 
learning about past climate change.  Chris had the idea that the Earth’s climate naturally cycles 
through warm and cool climates.   He said,  
“you’ll have a warm period, you’re gonna have a cold period, you’ll have a warm period, 
you’ll have a cold period, and it’s going to span over a billion years, give or take a couple 
million.  And yeah with the climate change now, I think we’re just speeding it up.”   
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He may have the idea that human actions are shortening the time that the Earth takes to move 
through these cycles.  Therefore, he may have thought that the Earth’s climate is naturally in a 
warming part of the cycle and “speeding up” means that humans’ release of CO2 is increasing 
Earth’s temperature faster than would happen naturally.  
By interview 4, Chris continued to explain that humans are “speeding up” climate 
change.  He clearly stated definitions of “climate change” and “global warming.”  He no longer 
struggled with these terms.  He had constructed separate definitions for the 2 phrases, which 
were different than the professor’s.  Chris described his general definition of “climate change.”   
 “Climate change is the natural occurring effect of the Earth’s um temperature, and I 
wanna say climate but… Earth’s temperature and weathering over the course of millions 
of years.  Thus going through a cycle of warming and cooling caused by certain variables 
within the weathering, within the everything such as the greenhouse effect and the carbon 
cycle.”   
He made no mention of the anthropogenic causes of climate change and only spoke about natural 
climate change.   
Similar to interview 3, Chris’ quote from the previous paragraph doesn’t mean that he 
didn’t think humans could impact the climate.  Instead, it showed that he reserved “climate 
change” for changes due to natural climate forcings.  There was further proof in interview 4 that 
he understood that humans are the cause of the current climate change.  He says, “it is definitely 
our fault, definitely our fault.  It’s a network taking a natural process that could be dangerous if 
tampered with.  And we’re tampering with it.”  Instead of including this in his list of ideas that 
constituted “climate change”, he classified them under the term “global warming.”  In response 
to a question asking him to define global warming, he said,  
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“I think global warming is, uh, manmade, um term that we use because we’ve enhanced 
everything with the burning of fossil fuels.  Taking the oil that’s been…  Taking the 
carbon that’s been buried for millions and millions of years in the ocean, bringing it back 
up, and reemitting it back into the air.”  
This definition, paired with his definition of climate change above was clear evidence that he 
possessed a definition of climate change different than the one that the professor used in class.   
Similar to interview 3, Chris had the idea that the humans were “speeding up” natural 
climate change.  In interview 4, there was more evidence that he thought that climate change was 
speeding up the switch from a warm period to a cool period.  He stated, “The climate cycles 
throughout history that we’ve learned.  And um we’re speeding ...we’re speeding everything up 
than it normally should be um with the burning of fossil fuels.”  Similar to my interview 3 
analysis, I think he meant that this rate at which the Earth passes through “climate cycles” is 
increased by humans. 
Chris’ ideas about climate change progressed throughout the semester.  He could barely 
describe his ideas of climate change during interview 1.  At interview 2, he stated that 
greenhouse gases warm the Earth.  As the semester progressed Chris integrated things that he 
learned in class into his ideas of climate change.  Sometimes, he struggled with this process.  His 
conceptions jumped during interview 3 after he learned about fossils fuels and past climate 
change.   He separately defined “climate change” as natural and “global warming” as human-
caused climate change.   He held these ideas through the end of class.  His definition of “climate 
change” as only natural could have resulted from his need to separate the natural and 
anthropogenic causes of climate change into different terms in order to help him understand the 
relationship between the two.  The professor never gave a formal definition of climate change, 
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which may have given Chris room to construct his own definition of this term. 
 
4.8.3 Charlotte Had a Definition of “Climate Change” That Was Different Than the 
Professor’s. 
Charlotte constructed a definition of “climate change” that was different than the 
professor’s.  Like Chris, she defined climate change as only natural and global warming as 
human caused.  She also stated that climate change was natural and that humans were “speeding 
it up”.   But unlike Chris, she stated these ideas during interview 1, while Chris constructed these 
ideas during interview 3.  Even though Charlotte stated a relationship between natural and 
anthropogenic climate change, she at the same time questioned anthropogenic climate change.  
She questioned why climate change is anthropogenic if climate change occurred naturally in the 
past, which is similar to Austa.    
Charlotte’s idea that humans are “speeding up” natural climate change did not prevent 
her from questioning anthropogenic climate change.  Her case shows that a student can still 
struggle with anthropogenic climate change even though they have developed a relationship 
between it and natural climate change.  In this case study, I show how Charlotte’s ideas of and 
questions about climate change evolve throughout the semester.  The following table highlights 
these changes with respect to definitions, her ideas of fossil fuels, and her climate change 
questions.  
 
  
 
Table 4.14: Charlotte’s ideas throughout the semester 
Topics Int.1: Feb. 10, 2012 Int. 2: Feb. 24, 2010 Int. 3: Apr. 2, 2010 Int. 4: Apr. 30, 2010 
General Summary Separated definitions of 
“climate change” and 
“global warming”.  
Used idea of “speeding 
up.” 
Admitted confusion 
of anthropogenic 
climate change due to 
natural climate 
change.  Knew little 
about fossil fuels.  
Still questioned 
anthropogenic climate 
change, despite 
improved ideas of fossil 
fuel burning. 
More certain of 
anthropogenic fossil 
fuels because of 
knowledge of fossil 
fuels and deforestation. 
Definition of “climate 
change” 
Definition included 
only natural climate 
change. 
Defined “climate 
change” as “the natural 
process of the Earth… 
to go through these 
cycles of cold, like 
interglacial and glacial 
processes.” 
Didn’t talk about her 
definition. 
Didn’t talk about her 
definition. 
Definition included 
only natural climate 
change. 
Stated, “I think that 
climate change more so 
is the natural process of 
going in-between the 
interglacial and glacial 
cycles.” 
Definition of “global 
warming” 
Definition included 
only anthropogenic 
climate change. 
Stated that “Global 
warming is the heating 
of the atmosphere 
through additional 
greenhouse gases.” 
Didn’t talk about her 
definition, but used 
the term “global 
warming” in the 
context of both 
natural and 
anthropogenic climate 
change. 
Didn’t talk about her 
definition. 
Definition included 
only anthropogenic 
climate change. 
Stated that “global 
warming is the… I 
guess anthropogenic 
like stuff caused from 
like industry and like 
agriculture.  Um, I 
guess the release of 
CO2 and ... yeah.” 
1
6
2
 
  
 
Topics Int.1: Feb. 10, 2012 Int. 2: Feb. 24, 2010 Int. 3: Apr. 2, 2010 Int. 4: Apr. 30, 2010 
Use of “speeding up” to 
describe anthropogenic 
impacts 
Said that “we are 
speeding up that 
[natural] processes 
through global 
warming.” 
Stated, “Global 
warming is a natural 
process but we’re just 
speeding it up by 
adding extra 
greenhouse gases into 
the atmosphere.” 
 
Stated, “Well, first of all 
it’s a natural process. 
Um, and… we’re 
kinda…speeding the 
process of global 
warming up, and I guess 
climate change through 
anthropogenic causes.”   
Described that humans 
are increasing the rate at 
which CO2 is released 
into the atmosphere.   
Did not use the term 
“speeding up” to 
describe climate 
change. 
Questioning of climate 
change 
Questioned climate 
change. 
Stated, “I understand 
that all these things 
work together and it’s a 
delicate process but, I 
don’t really feel that 
I’m given too much 
information on how it’s 
actually happening right 
now.” 
Wanted to know more 
about anthropogenic 
climate change. 
Admitted that natural 
forcings confused her. 
Stated, “In this class, 
I would like to learn 
more about how the 
anthropogenic 
changes will affect 
the climate.”   
Questioned 
anthropogenic climate 
change.  Needed to 
know “how climate 
change is really affected 
[by humans] over a long 
period of time.”   
No longer questioned 
anthropogenic climate 
change.  “Almost all 
scientists agree that the 
world is warming.” 
Ideas of fossil fuels Did not discuss fossil 
fuels. 
Single statement that 
CO2 is a product of 
fossil fuels. 
Described how human 
burning of fossil fuels 
releases CO2 into the 
atmosphere, which 
impacts the climate.    
Discussed 
anthropogenic fossil 
fuel burning’s 
contribution to 
increased CO2 in the 
atmosphere in detail. 
1
6
3
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In interview 1, Charlotte already possessed a definition of climate change that was 
different than the professor’s.  She concurrently questioned climate change, and described the 
relationship between natural and anthropogenic climate change.  She stated that humans are 
“Speeding up the process of climate change through global warming.”  She explicitly stated that 
climate change is natural and emphasized natural phenomena, such as changes in the Earth’s 
orbit around the Sun.  Nowhere in her definition did she attribute climate change to humans.  She 
said that “we” implying “humans” are changing that process.  She separated humans out of the 
definition of “climate change” naming the impact from humans, “global warming.”  Even though 
she constructed a relationship between natural and anthropogenic climate change, she wanted to 
know more about human-caused climate change in order to understand that it is occurring.  
 Charlotte didn’t discuss her definitions of “climate change” and “global warming” in 
interview 2, which was her biggest change from interview 1.  Different from interview 1, she 
used “global warming” when discussing natural climate change as seen by her quote, “global 
warming is a natural process but we’re just speeding it up by adding extra greenhouse gases into 
the atmosphere.”  This statement confirmed that she continued to have the idea that humans are 
“speeding up” a natural process, which she called “global warming.”   
Charlotte indicated that she wanted to learn more about anthropogenic climate change.  
She also talked about how she wanted to understand “how it all fits together” and the effects of 
anthropogenic change.  She also said that the movements of the Earth around the Sun (meaning 
the Milankovitch cycles) and the interglacials and glacial cycles do not make sense to her.  These 
relate to natural climate change.  Her self-identified confusion about natural forcings and her 
quest to know more about anthropogenic forcings mean that she could be trying to figure out 
what makes climate change anthropogenic. 
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At interview 3, Charlotte described her idea of “speeding up” in more detail but at the 
same time strongly questioned climate change.  Charlotte revealed that her idea of “speeding up” 
meant an increase in the rate of release of CO2 into the atmosphere. She said,  
“And then humans caused climate change, um I guess is from using all those... all the 
CO2, and kinda tapping the reservoir of CO2 and just releasing it all into the atmosphere 
at an incredible rate.  And then because the CO2 is released into the atmosphere naturally, 
and it’s controlled, but we’re releasing it too fast to stabilize itself.” 
She compared human release of CO2, “kinda tapping the reservoir of CO2,” with the idea that 
“CO2 is released into the atmosphere naturally.”  She said that the natural release was at a 
“controlled” rate, but humans were increasing the rate so that it was “too fast.”  Her idea of 
“speeding up” was well-described in interview 3. 
Even though Charlotte discussed her idea of the relationship between natural and 
anthropogenic climate change, it was apparent that she questioned anthropogenic climate change 
in interview 3.   This questioning was in the form of wanting to know more about natural climate 
change and climates of the past.  She tried to describe her reason for questioning climate change, 
but struggled with voicing her thoughts.  She said,  
“Well just about, well about how.. yeah in the past.. how the natural cycle worked.  And 
so that way.  I can sit here and maybe not...  I guess climate really hasn’t… I guess this 
whole fossil fuel situation and us releasing an excessive amount of CO2 in the atmosphere 
isn’t really that long of a time period to look at it, but I’d like to see how maybe it’s 
working to change that.  Or how we’re altering....”   
Her stumbling over her words and use of “I guess” showed that she was struggling.  Even though 
she had a hard time explaining herself, she wanted to know how natural climate change occurred 
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and more details as to how anthropogenic climate change impacted the natural “cycle.”  She 
acknowledged that fossil fuels increased CO2 in the atmosphere, but seemed to struggle with 
how this fitted with natural climate change.  At the end of the passage, she indicated that she still 
had some outstanding questions about how humans alter the climate.   
The struggle that Charlotte displayed during interview 3, along with her need to 
understand anthropogenic climate change in interviews 1 and 2, showed that she questioned 
anthropogenic climate change as if she was a little skeptical that it made an impact on the 
climate.  In contrast, she said that humans were “speeding up” natural climate change in 
interviews 1, 2, and 3, showing that she developed a relationship between the two.  This was 
different than Austa and Chris, where the construction of the relationship between natural and 
anthropogenic climate change helped them resolve some climate change doubt.   With Charlotte, 
the questioning and the relationship existed concurrently.    
Even though Charlotte seemed to doubt climate change in interview 3, she began to 
describe in detail how anthropogenic burning of fossil fuels causes climate change.  She 
described how CO2 was released into the atmosphere by humans burning fossil fuels, which 
showed that she understood the mechanisms behind anthropogenic climate change.  She didn’t 
describe these mechanisms in interviews 1 or 2. 
By interview 4, Charlotte resolved her climate change doubts.  She didn’t question 
whether climate change was occurring, but rather delivered a statement of climate certainty.  She 
said, “from my understanding, almost all scientists in the world agree that the Earth is warming,” 
when asked what she would say to someone who didn’t think that climate change was 
happening.  In her examples of climate change, she focused on fossil fuels and deforestation.  
She described the climate impact of these human actions in detail.  She became more certain that 
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climate change is anthropogenic because of her understanding of fossil fuels and deforestation.   
Charlotte described her definition of “climate change” in interview 4, which was 
something that she didn’t do in interviews 2 and 3.  It turned out that her definitions were the 
same as they were at the beginning of the semester.  She said, “global warming is the… I guess 
anthropogenic like stuff caused from like industry and like agriculture.  Um, I guess the release 
of CO2 and ... yeah.”  Then she said, “Um, and then, I think that climate change more so is the 
natural process of going in-between the interglacial and glacial cycles.”  Again, she carved out 
the definition of anthropogenic climate change and stated that this was “global warming.”  Her 
idea of “climate change” only included natural climate changes.  Even though her definitions did 
not change from the beginning of the semester, her understanding of anthropogenic climate 
change improved.  Her increased knowledge of the mechanisms of anthropogenic climate change 
likely reduced her doubt surrounding climate change.  
Charlotte’s idea of relationship between natural and anthropogenic climate change did not 
resolve climate change doubt, but rather it was her understanding of the mechanisms of climate 
change.   This was different than Chris and Austa.   The idea that humans were “speeding up” 
natural climate change seemed to help them resolve their struggle (in Chris’case) or uncertainty 
(in Austa’s case).   Instead, Charlotte accepted anthropogenic climate change towards the end of 
the interview, after she learned more about the mechanism by which fossil fuel burning and 
deforestation affect climate, in particular the cycling of carbon throughout the atmosphere.  Her 
understanding of anthropogenic mechanisms helped her overcome her doubts about climate 
change and accept that humans are causing it.     
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4.9 All Students Defined the Relationship That Humans Are “Speeding Up” Natural 
Climate Change. 
All students used “speeding up” to describe the relationship between anthropogenic and 
natural climate change.  They stated that humans were “speeding up” or “accelerating” the 
natural process of climate change.  Some said that the climate would warm on its own, but 
humans increase the rate of warming.  They attributed the accelerated warming to the increased 
amount of CO2 in the atmosphere.  They proposed that human actions such as burning fossil 
fuels and deforestation contribute to the increased CO2.    
The professor did not use the term “speeding up” to describe how humans impact climate 
change, but presented a slide that said, “Human activity is the cause of accelerated pace of 
change.”  This was the only time where the professor presented the idea that humans are 
“accelerating” Earth changes.   This could be a reason why students constructed the idea that 
humans were “speeding up” climate change.   
There were a few other times when the professor taught about the “fast” or “accelerated” 
amount of CO2 or ice melting.  She taught that “We are changing the amount of CO2 very 
quickly.”  She taught that the Earth is not able to keep up with these changes by self-regulation.  
She also taught that meltwater from Greenland lubricated the bottom of glaciers and increased 
the rate of ice loss.   The number of times she discussed the increased rate of change in various 
contexts was approximately five.     
Some students heavily emphasized the idea of “speeding up” while others only mentioned 
it once.   Chris focused his interviews 3 and 4 on this idea.  Charlotte brought up the “speeding 
up” idea a lot during her first three interviews.  Austa only once (in interview 3) stated that 
humans are causing climate change to occur at faster rates.  Lauren stated that humans were 
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“accelerating” climate change once in interview 4.  Occurrences of “speeding up” ideas are in 
Table 4.7 at the beginning of the chapter.   Table 4.15 displays only ideas from Table 4.7 that 
exclusively relate to “speeding up”, definitions of climate change, and climate change 
uncertainty.  Students’ ideas about “speeding up” are in bold.       
  
Table 4.15: Appearances of “speeding up” 
 Interview 1 Interview 2 Interview 3 Interview 4 
Lance  Climate change is natural and 
humans are accelerating. 
 Expressed certainty that climate 
change was human caused. 
  Burning fossil fuels 
turned natural process 
into anthropogenic 
climate change. 
 Humans speeding up rate that carbon 
is released into the atmosphere; 
speeding up natural flux. 
Lauren  Climate change occurs naturally 
and humans adjusting it. 
   Humans “accelerating” climate 
change.  
Charlotte  Humans are “speeding up” natural 
climate change.  
 Stated that “climate change” is only 
natural causes and impacts 
(struggled). 
 “Global warming” is anthropogenic 
climate change. 
 No “real proof” climate change 
and/or global warming happening. 
 Humans 
“speeding up” 
climate change. 
 Questioned human-
caused climate 
change slightly. 
 Humans “speeding 
up” climate change. 
 Questioned 
anthropogenic climate 
change.  
 Defined “climate change” as natural 
climate change and “global warming” as 
anthropogenic.  
 Stated that almost all scientists agree that 
Earth is warming. 
Austa  Wanted to know about more 
anthropogenic causes of climate 
change. 
 Wondered why global warming is 
human caused. Wonder why it wasn’t 
just natural.  
 
 Stated that climate 
change was human-
caused. 
 Wanted to know 
about more human 
causes of climate 
change. 
 Stated that humans 
causing climate change 
to happen at increased 
rates. 
 Wanted to know more 
information on 
anthropogenic causes of 
climate change. 
 Stated that fossil fuel burning enhances 
greenhouse effect, causing Earth to warm 
more than should. 
 Said she would focus on human causes 
of climate change when explaining to 
friend. 
Chris   Said climate 
changing “more 
rapidly.” 
 Constructed definition 
of “climate change” that 
included only natural 
causes.    
 Stated that humans 
were “speeding up” 
climate change. 
 Said that the term “climate change” 
included only natural causes.  “Global 
warming” included human causes.  
 Emphasized that climate change was 
man made though their “speeding up” 
through fossil fuel burning and 
increase of CO2 in the atmosphere. 
1
7
0
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As can be seen from Table 4.15, students expressed the idea that humans are “speeding 
up climate change” at different times.  The three higher-performing focus students had these 
ideas during interview 1, while the idea emerged from the two lower-performing students during 
interview 3.   
Lance, Lauren, and Charlotte all described a relationship between natural and 
anthropogenic climate change during the first interview.  They used terms such as “adjusting, 
“accelerating,” and “speeding up” to describe how humans impacted natural climate change.  For 
Lance and Lauren, this description corresponded with the certainty that humans impact the 
climate.  They did not question anthropogenic climate change.  For example, Lance stated that he 
chose to believe that climate change is happening after reviewing of the facts.  He also described 
how humans impact the climate.  “So even if [climate change is] a natural process we’re 
accelerating it and perhaps, you know,  pushing it beyond where it’s intended to go for the 
stability of our planet.”  His idea of humans “accelerating” climate change corresponded with 
certainty that climate change was happening.   
On the other hand, even though Charlotte stated the idea that humans are “speeding up” 
climate change she also displayed climate change uncertainty.  In interview 1, she stated 
“Climate change happens over a 30 year period of time, there’s no real facts that climate change 
is happening.”  Yet, she also stated that humans are “Speeding up the process of climate change 
through global warming,” which described her ideas of the relationship between climate change 
and global warming.  So, even though Charlotte describes a relationship, she questions whether 
climate change is real.  She continued to do this during interview 2 and 3, as described in Section 
4.8.3 on the difference between her ideas and the professor’s.  
Unlike the higher-performing focus students, Austa and Chris first described their ideas 
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that humans are “speeding up” or “accelerating” climate change during interview 3.  At this 
point, all students had ideas about the carbon cycle, fossil fuel burning, and past climate change.  
As described in section 4.7.2, before interview 3, Austa wondered why there is concern about 
climate change when it happened in the past naturally.  She seemed to think that climate change 
was exclusively natural or anthropogenic.  Interview 3 was the first time she described that it 
could be both.  She said, “[Climate change] happened in the past naturally, but it’s at such an 
increased rate now because of what we’re doing.”  Though she continued to display a struggle 
between the two in interview 3 (see section 4.7.2), this relationship could have helped her 
understand that climate change is both natural and anthropogenic rather than one or the other.   
Chris constructed the idea that humans were “speeding up” climate change after he 
learned about past climate change.  (See discussion in section 4.8.2.)  The emergence of this idea 
corresponded with his construction of a definition of “climate change” different than the 
professor’s.  He used this description extensively throughout interviews 3 and 4.  The emergence 
of the idea could be a result of understanding that climate changed in the past.  The movie 
“Crude” presented that the Earth was warm during the Carboniferous Period.  The interglacial 
and glacial periods of the Pleistocene also showed changes in the Earth’s average temperature.  
Chris cited these past climate change examples immediately before he explained that current 
climate change is the result of humans “speeding [past climate change] up.”  Chris also used this 
relationship to divide the definition of “climate change” into two phrases, “climate change” to 
represent the natural climate change of the past and “global warming” to define the human-
caused climate change. 
Three students, Lance, Lauren, and Chris had well developed ideas of “speeding up” 
during interview 4.  All acknowledge that humans are changing the amount of CO2 in the 
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atmosphere compared to natural.  Lance stated that humans are increasing the rate at which 
carbon is released into the atmosphere.  He said.  
“And um, since we’re taking that [carbon], where it would stayed for a long time in a 
reservoir and uh basically pumping it back into the atmosphere through burning it, we are 
uh speeding up this natural flux of carbon from one reservoir to another and uh we’re 
seeing a difference from when it was happening naturally.”   
He later stated that humans are “speeding up” the natural flux by burning fossil fuels.       
Lauren didn’t use the term “speeding up”, but stated that humans were “accelerating” 
climate change in interview 4.  She rarely stated a relationship between natural and 
anthropogenic climate change rather than listing or describing examples of each.  She said that 
“natural” and “anthropogenic” are the two types of climate change and “the world has natural 
cycles, I mean it’s warmed and cooled, so that’s kinda like a long scale, or long term scale of 
climate change and then there’s anthropogenic that kinda has warped that process a little bit.”  
The “warping” is the anthropogenic effect on the climate.   But then, Lauren said, “So even if 
we’re in a warming period, we’re accelerating it a bit more than would occur without us.”  She 
thought that the world was warming as a result of natural climate change, and that humans were 
forcing the warming to occur faster than natural.   
Chris stated that humans were putting CO2 in the atmosphere at a rate that is faster than 
what the Earth can naturally keep up with.  He said, “CO2 is just lingering… in the atmosphere, 
wherever it needs to linger... And as a result it’s just increasing because of global warming, that’s 
the effects of it.  That’s what’s speeding up.  That’s what’s causing the Earth to get hotter.”   
This was one of the many explanations that included “speeding up” to describe the increase in 
the average global temperature.   
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Students constructed the idea that humans were “speeding up” natural climate change even 
though the professor never used that term.  She occasionally used words such as “accelerate” and 
“increase” to describe the changes to Earth.  She said that humans are producing more CO2 than 
the Earth can absorb.  The students rephrased this as “speeding up” and emphasized this 
relationship between natural and anthropogenic climate change.    
 
4.10 Summary   
As we have seen through the cases of the five focus students, their ideas about natural 
and anthropogenic climate change evolved throughout the semester.  In this section, I revisit the 
claims that I made in the introduction.  I relate the results described in this chapter to the claims.   
My first claim is: In order to understand that climate change is impacted by human 
forcings in addition to natural forcings, students developed a relationship between these forcings.  
The relationship that students established was that climate change is natural and humans are 
“speeding it up.” 
As described in the previous section, all students described that humans are “speeding 
up” or “accelerating” natural climate change.  The students who used the term “speeding up” 
(Chris, Charlotte and Lance), constructed this on their own because the professor didn’t use this 
term.  This idea described the relationship between natural and anthropogenic climate change. 
In some cases, students constructed this relationship to help resolve their struggles with 
natural and anthropogenic climate change.  When Chris learned about past climate changes, he 
soon established the relationship that humans are “speeding up” natural climate change.  Both 
Austa and Charlotte questioned why climate change is anthropogenic if it occurred naturally in 
the past.  In Austa’s case, the idea humans caused climate change to occur at increased rates 
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along with learning about anthropogenic causes such as fossil fuels and deforestation helped her 
realize that global warming is human-caused in addition to natural.   
Charlotte similarly questioned climate change, but her case doesn’t completely conform 
to this claim.  At the same time she expressed climate skepticism, she also stated that humans are 
“speeding up” natural climate change.  For the first three interviews, she was conflicted between 
her skepticism and stating that climate change was caused by humans.  Charlotte’s skepticism 
abated when she improved her understanding of fossil fuels and deforestation, which the 
professor emphasized during the last third of the class. 
The increase in students’ understanding of anthropogenic causes of climate change, in 
particular fossil fuel burning and deforestation, increased their certainty that climate change was 
happening.  This reduced Charlotte and Austa’s questioning of climate change by interview 4.  
Even though Lance had accurate ideas of natural and anthropogenic climate change during 
interview 1, he brought focus to fossil fuel burning after learning about the carbon cycle.  
My second claim is: Three of the students constructed a definition of climate change that 
was different than the professor’s.  This could be due to their need to establish a division 
between anthropogenic and natural causes of climate change.  
Lauren’s initial definition inaccurately included environmental problems.  As she learned 
more about the causes of climate change, she began to focus on accurate ideas such as fossil fuel 
burning and deforestation.  However, her ideas remained conflated at the end of the semester. 
Chris and Charlotte may have constructed separate definitions of “climate change” and 
“global warming” to assist with their construction of the relationship between natural and 
anthropogenic climate change.  They may have constructed these definitions to separate natural 
causes from anthropogenic, but another reason could be that the professor’s lack of a definition 
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for the term “climate change” allowed them to create their own ideas based on its contextual 
usage.  They may have considered “climate change” the natural climate changes because “global 
warming” was the term for anthropogenic changes to the climate.  
I expected the focus students to progress throughout the semester, which was the case.  I 
didn’t expect to see three students with ideas about climate change that were different than the 
professor’s at the end of the semester.   If Lauren, Charlotte and Chris would have continued to 
learn about climate change, perhaps their definitions would continue to evolve. 
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5 DISCUSSION 
In this section, I revisit my research questions and respond to them with my findings.  I 
summarize the results and discuss how they relate to prior research.  I also discuss limitations 
and implications of this study, make suggestions for further research, and offer concluding 
thoughts.   
 
5.1 Revisiting research questions 
My three research questions focused on how students understand natural and 
anthropogenic climate change.  My major findings focus on: (1) the relationship between natural 
and anthropogenic climate change as it relates to student understanding, (2) specific details of 
anthropogenic action that show how some students accepted climate change as both natural and 
anthropogenic, and (3) the students’ definitions of “climate change” and “global warming” and 
how these two definitions differed.  Next, I discuss my findings by revisiting the research 
questions that I used to inform my study. 
 
5.1.1 Research Question 1: What Do Students Know About Climate Change at the 
Beginning of the Semester?  
In line with the way I selected the focus students, there was a large difference in the level 
of understanding between the lowest- and highest-performing.  Lance, the top focus student (or 
#5) could provide an integrated definition of “climate change”, while Chris presented jumbled 
ideas where he only mentioned pollution and fossil fuels.  Chris’ jumbling resulted in statements 
that didn’t make sense, so it was impossible to extract his thoughts from his statements.  Austa, 
focus student #2, did not know the source of CO2 and wondered if climate change was just 
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natural because she didn’t know about anthropogenic effects such as fossil fuel burning and 
deforestation.  Charlotte and Lauren, the #3 and #4 focus students, described ideas from prior 
courses.  Charlotte stated that “climate change” resulted from natural causes only and “global 
warming” resulted from human activities such as deforestation.  She inaccurately attributed the 
climate impact of deforestation to changing albedo.  Lauren inaccurately included multiple 
environmental changes in her definition of “climate change” such as agricultural runoff and trash 
in the ocean. 
 
5.1.2 Research Question 2: How Do Those Ideas Change Across the Course of a Climate 
Change Lecture Class?  
All students’ climate change understanding increased, although some students’ ideas 
evolved more than other students’ ideas.  Lance, who had an accurate understanding of climate 
change at the beginning, did not change his original ideas, but rather increased the level of detail.  
Lance’s and Lauren’s ideas of anthropogenic causes of climate change increased from material 
learned in class.  Charlotte and Austa struggled throughout the semester with the idea that 
climate change could be caused by humans.  By interview 4, they both understood the 
anthropogenic reasons for climate change.  Austa demonstrated large jumps in her understanding 
when she figured out that fossil fuel burning releases CO2 in interview 2 and that climate change 
can be both natural and anthropogenic in interview 3.   Chris made progress during interview 3 
when he constructed the relationship that humans are “speeding up” natural climate change as a 
result of learning about paleoclimate.    
Some of the ideas that the students constructed during the class were not completely 
accurate.  Some students never overcame inaccurate ideas before the end of the class.  In some 
cases, the student possessed the inaccurate idea at the beginning of class.  Lauren used a 
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“conflated” definition of climate change at the beginning of class, and described non-climate 
change actions and environmental impacts throughout the semester.  She used a greater number 
of accurate descriptions during interviews 3 and 4, but still included inaccurate ideas.  Other 
students developed an inaccurate idea during class and did not overcome this idea by the end of 
the semester.  For example, Chris constructed the idea that “climate change” involved only 
natural causes in the middle of the semester.  He seemed to solidify this idea during interview 4 
because he spoke with certainty and repeated the same idea.          
 
5.1.3 Research Question 3: How Does the Trajectory of Students’ Ideas Compare 
Between Students Who Were Lower and Higher Achieving at the Beginning of the 
Course?  
The lower-performing focus students progressed more than higher-performing focus 
students because they had more “ground” to make up.  It took some of the lower-performing 
focus students at least half of the class to understand basic details of climate change.  Second- 
lowest-performing student Austa didn’t express a clear understanding that driving cars released 
CO2 in the atmosphere, causing climate change, until interview 3.  Comparatively, second-
highest-performing student, Lauren, stated that fossil fuel burning caused climate change in 
interview 1.  Lowest-performing focus student, Chris, didn’t discuss natural climate change until 
interview 3.  In contrast, highest-performing focus student, Lance, described that natural climate 
change was being accelerated by human activities at the beginning of the semester.   
Lower-performing focus students displayed incremental knowledge increases at each 
interview.  Chris began the interview process with mixed-up ideas, attributing climate change to 
“pollution.”  At interview 2, he focused on greenhouse gases.  By interview 3, he understood that 
climate change was natural in the past.  At interview 4, he solidified his ideas that humans were 
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“speeding up” natural climate change.  Austa didn’t know the source of CO2 at interview 1, but 
was able to list deforestation in interview 2.  By interview 3, she understood fossil fuels.  She 
struggled with anthropogenic climate change but finally accepted it during interview 4.   
In contrast, the higher-performing focus students didn’t display as many jumps in 
improvement.  Lance didn’t display inaccurate ideas at the beginning of class, so he didn’t need 
to overcome these.  Throughout the class, he learned more about past climate and fossil fuels, but 
didn’t display jumps from an inaccurate to accurate idea.   Lauren didn’t need to be convinced 
that climate change was happening, but improved her ideas of deforestation and fossil fuels.  She 
had an inaccurate definition of climate change, but did not overcome this.   
Middle-performing focus student, Charlotte, demonstrated a combination of the 
behaviors of the lower and higher students.  She had prior knowledge at the beginning of the 
semester but struggled with accepting anthropogenic climate change throughout the course.  
Similar to Austa, she struggled until the last interview.       
One commonality across all focus students is that they all experienced significant gains in 
climate change understanding after learning about the cycling of carbon in the atmosphere.  
These gains in understanding occurred at interview 3 for all except Lance, who displayed this 
increase at interview 2 (note that Lance’s interview 2 occurred later than the others).  At this 
point, all students expressed knowledge of past climate change and the creation of fossil fuels.  
They all emphasized fossil fuel burning as an anthropogenic impact on the climate and most 
(except Chris) emphasized deforestation.   
Students constructed their definition of “climate change” at different times.  Both 
Charlotte and Chris defined “climate change” the same way.  Charlotte possessed this definition 
at the beginning of class, but Chris constructed this definition during interview 3.  Lauren had 
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her conflated definition of “climate change” throughout the semester.  No student moved to a 
more accurate definition during the semester.   
 At the end of class, all students knew the relationship between natural and anthropogenic 
climate change and understood how fossil fuel burning contributed.  Lance displayed higher 
science acumen than the others, in particular he knew that carbon changed form as it traveled 
from one reservoir to another and none of the other focus students discussed this.  By interview 
4, Austa had established a solid foundation on the topic and did not struggle with explanations.  
Chris and Charlotte had increased knowledge from the beginning of the semester.  Lauren had 
improved ideas of the mechanism of deforestation and fossil fuel burning but still had conflated 
ideas of climate change.  However, her conflated ideas didn’t seem to be problematic, as she 
earned an “A-” in the class. 
The following table shows students’ progression from interview to interview.  The 
symbols in the last three columns indicate the level of increase in understanding from the 
previous interview.  These rankings are subjective and based on qualitative analysis of the data.  
Their purpose is to help the reader understand when gains in understanding occurred.  The 
symbols represent: “+++” extremely high increase in more than 1 topic, “++” symbolizes 
significant increase, “+” symbolizes smaller increase, “0” symbolizes little or no increase, “-” 
symbolizes decrease.  
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Table 5.1: Jumps in understanding from interview to interview 
 Interview 1 ideas Interview 1 to 2 Interview 2 to 3 Interview 3 to 4 
Lance  Certain that 
humans cause 
climate change.  
 Humans accelerate 
natural climate 
change. 
++  
Increased 
knowledge about the 
creation of fossil 
fuels.  
0  
No new ideas. 
+  
Detailed formation of 
fossil fuels. 
Lauren  Definition too 
broad. 
 Deforestation and 
fossil fuel burning 
cause climate 
change. 
0  
No new ideas.  
Continued to have 
broad definition. 
+  
Described climate 
mechanisms associated 
deforestation. Continued 
to have broad definition.  
+  
Described climate 
mechanism associated 
with fossil fuel burning. 
Continued to have 
broad definition. 
Charlotte  Definition: 
“climate change” is 
natural. 
 Deforestation 
warms climate by 
changing the 
albedo. 
 Questioned human-
caused climate 
change. 
0  
No new ideas.  
Continued to 
question human-
caused climate 
change. 
+ 
Deforestation reduces a 
carbon sink, but still 
includes inaccurate albedo 
explanation.  Continued to 
question human-caused 
climate change. 
++ 
Dropped albedo 
explanation from 
deforestation 
explanation.  No longer 
questioned human-
caused climate change.  
Described fossil fuel 
burning.  Continued to 
have definition: 
“climate change” is 
natural. 
Austa  Few ideas of 
anthropogenic 
climate change. 
 Questioned human-
caused climate 
change. 
++  
Listed 
anthropogenic 
impacts. Continued 
to question human-
caused climate 
change. 
++  
Explained mechanisms 
associated with fossil fuel 
burning and deforestation. 
Continued to question 
human-caused climate 
change. 
++  
Accepted that climate 
change is both natural 
and anthropogenic.   
Chris  Confused 
description of 
climate change. 
+  
Connected 
greenhouse gases to 
climate change. 
+++  
Described natural and 
anthropogenic climate 
change and stated that 
humans are “speeding up” 
natural climate change. 
Constructed definition 
“climate change” is 
natural. 
+ 
Solidified ideas 
constructed in interview 
3. 
 
Table 5.1 shows that the lower focus students experienced more gains than the higher 
students.   Most students experienced an increase in understanding at interview 3.  Lower focus 
students improved more than the higher focus students, with Austa improving the most.  Lauren 
improved the least due to her inability to overcome the inaccurate definition of climate change.      
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5.2 Discussion of Findings 
The results section yields a number of significant findings in addition to the ones that 
address my research questions.  The findings presented above compare students’ trajectories 
throughout the course.  In this section, I will discuss findings that may not completely address 
the research questions, but are important finding relating to students’ understanding of climate 
change.  While it is difficult to make general statements about larger populations from a case 
study involving five students, my findings reveal possible scenarios that could occur throughout 
climate change courses.   These findings are listed by topical category in Table 5.2.  I discuss 
these finding in the subsections that follow.   Most of these findings relate to the findings that 
I’ve summarized at the end of the results section.   
  
 
Table 5.2: Findings 
Category No. Finding 
Climate change 
struggle 
1 Some students struggled with climate change concepts. 
2 Students had to work to differentiate climate change and its causes, effects, and consequences 
from other environmental problems.  Some students did not know things that constituted 
climate change. 
3 Climate change mechanisms include multiple cause-and-effect relationships among abstract 
topics, where one mistake in the chain of reasoning made it hard to understand the entire 
mechanism. 
Generalizations 4 Students used general terms when they did not fully explain climate change mechanisms. 
Natural and 
anthropogenic 
climate change 
relationships 
5 A relationship between natural and anthropogenic climate change played an important role in 
students’ climate change understanding.   
6 Students struggled with understanding that climate change is anthropogenic despite it being 
natural in the past.   
7 Students constructed the relationship between natural and anthropogenic climate change: 
climate change is natural and humans are accelerating or speeding it up. 
8 Students took time to integrate their ideas about the relationship between natural and 
anthropogenic climate change into their climate change conceptions.   
9 Students’ constructed relationships that are not always accurate. 
Alternative “climate 
change” definitions 
10 Some students defined “climate change” differently than the professor. 
Other findings 11 Prior to instruction, some students did not understand the significance of carbon or fossil fuels 
in climate change. 
12 Some students listed natural climate change ideas as opposed to describing them. 
13 Students emphasized social forces as a reason for climate skepticism over scientific 
misunderstanding. 
14 Climate change questionnaire results showed that although the class’s climate change 
understanding improved throughout the course, there was still room for more improvement. 
1
8
4
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5.2.1 Climate Change Struggle 
Throughout the class, students struggled with various climate change concepts including 
ones relating to natural and anthropogenic climate change.  During this research, I looked for 
these times of struggle which were indicated by a student’s difficulty with explaining a concept.  
During periods of struggle, the focus students attempted to explain a topic as if they would be 
able to, but stumbled over their explanations.  Often the explanation was jumbled or fragmented, 
and the student became noticeably frustrated.   
Smith et al. (1993) stated that conceptual change could occur during periods of internal 
grappling between a personal perception-based explanation and a scientific explanation.  This 
internal grappling could be marked by the external struggle.  The struggle is onset by the 
student’s awareness that a concept or explanation does not agree with their original ideas.  The 
struggle is a sign that the student could be internally reworking their ideas so that they can fit the 
new concept into their personal explanation.  During the student’s grappling and reworking, they 
may present an idea that appears jumbled and mixed up to an observer, or a hybrid conception.  
The student achieves conceptual change when their ideas evolve towards the scientific 
explanations.   
 In this study, periods of struggle were coincident with changes to students’ conceptions 
throughout the course.  For example, Austa and Charlotte struggled to understand that climate 
change is both natural and anthropogenic, and by the end of the semester understood why climate 
change is not just natural.  Other areas of struggle include: understanding the relationship 
between deforestation and climate change, understanding the role of carbon and fossil fuels in 
climate change, and understanding the role of water vapor.  My results show that throughout the 
class, students struggled in multiple areas. 
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If students are struggling with these climate change topics, then like most scientific 
topics, climate change is a difficult topic for some students to learn.  Why is this so?  The cases 
described in this study could hold the answer, as they shows students’ journeys through a course 
committed to teaching climate change.  
While learning climate change, the student must navigate through different tiers of 
possible confusion.  At the highest level, students need to differentiate climate change from other 
environmental problems.  Causes and impacts of climate change overlap with other 
environmental problems, so students need to differentiate things that relate to climate change 
from those that do not.  Within each climate change mechanism, there are multiple “cause-and-
effect” relationships linked together.  Mixing up one of these relationships could cause an 
incorrect line of reasoning.  The results section describes students navigating both “levels” of 
possible climate confusion.  In this section, I describe how the focus students struggled at both 
levels.    
Some students confused climate change with other environmental problems.  Prior 
research found that some students implicitly generalize climate change, leading to the mixing up 
of causes and effects of climate change with those of other environmental issues (Boyes and 
Stanisstreet, 1992; Boyes et al., 1993; Groves and Pugh, 1999; and Pruneau et al., 2003).  These 
studies found that students attributed climate change to inaccurate causes such as acid rain, 
nuclear weapons, water pollution, leaking pollutants, leaded gasoline, and visible litter.   
Students’ inaccurate ideas of climate change consequences included global biodiversity 
reduction and unsafe drinking water.  This research documented related confusions.  Both Chris 
and Austa claimed that climate change was caused by “pollutants” rather than by greenhouse 
gases.  Chris inaccurately linked smog and carbon monoxide to climate change in interview 1.   
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In addition to attributing an inaccurate cause to climate change, some students also mix 
up the entirety of climate change with other environmental problems.  Gowda et al. (1997) 
discovered that climate change’s relation to the environment could lead students to think that all 
environmental harms cause climate change.  Lauren’s case study supports Gowda el al. (1997) 
because she included many environmental problems in her descriptions of climate change, such 
as water pollution, overfishing, and species degradation.   
Students made these mix-ups because there is some overlap between causes of climate 
change and causes of other environmental problems.  As discussed in the chapter 4, deforestation 
causes climate change, species reduction, and water purification problems.  To understand 
climate change, students need to figure out the way that deforestation causes each.  Lauren and 
Austa both emphasized the ecological impact of deforestation in interview 1 and 2.  They didn’t 
describe the climate impact until interview 3 after they learned about the carbon cycle, showing 
that climate change may not be the first thing that comes to students’ minds when discussing 
environmental impacts of deforestation. 
Separating climate change from other environmental problems is not the only challenge 
students face in learning climate change.  Within each climate change mechanism, there are 
multiple abstract concepts.  These concepts combine together in a cause and effect relationship.  
Mix-up in one of the steps could create a line of incorrect reasoning.  Conceptual change theory 
states that students construct their ideas from what they already know.  They piece together 
smaller ideas to develop a conception, or an explanation about a phenomenon (Smith et al., 
1993).  At the smallest level, stand-alone ideas are neither correct nor incorrect, such as diSessa’s 
(1993) p-prims.  But incorrect activation of a resource could lead to an incorrect idea (Hammer, 
2000).  Osterlind (2005) discovered that the misconception that the ozone hole causes climate 
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change could be due to a failure to differentiate between the different wavelengths of radiation.  
This was one step in students’ line of reasoning about the impacts of the ozone hole.  This study 
did not focus on inaccurate ideas related to the ozone hole, yet there was a similar trend at play.  
Students’ confusion about a small piece of a conception caused them to struggle.  Throughout the 
semester, Charlotte struggled to describe how deforestation causes climate change.  Although she 
focused on related components, such as the change in albedo, she couldn’t put together a 
reasonable explanation in interviews 1 and 2.  On one side of her explanation, she knew that 
deforestation changes the albedo.  On the other, she knew that deforestation causes an increase in 
average global temperatures.  She couldn’t fit the two together because increased albedo from 
deforestation cools the climate.  The dominating impact of altered carbon cycling on the carbon 
dioxide concentration from deforestation was the impact that she needed to include to describe 
the warming that results.  This example shows how students can mix up finer-grained pieces of a 
climate change concept. 
Other examples are Austa’s and Chris’ classification of the greenhouse impact from 
water vapor as “natural”.  This classification could have caused Austa to struggle with 
understanding that present-day climate change is anthropogenic.  The students’ classification of 
water vapor, a small idea, impacted their entire conception of climate change.  This is most 
noticeable in Austa as she vocalized a struggle.  Chris seemed to dismiss his ideas of water vapor 
because there was less focus on it compared with CO2.  These two cases show how a mix-up of 
finer-grained concepts affects students’ larger conceptions. 
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5.2.2 Generalizations 
Students explicitly used general terms when describing climate concepts.  In some cases 
this explicit generalization occurred because students didn’t know very much about the concept.  
Austa and Chris used the term “pollution” to generalize the causes of climate change.  Most of 
these occurred during their first interviews when they demonstrated little knowledge about 
climate change.  Other studies found students using general terms, such as “air pollution” 
(Shepardson et al., 2011), “atmospheric pollution” (Kouladis and Christidou, 1998) and 
“pollution” (Boyes et al., 1993; and Boyes and Stanisstreet, 1993; Choi et al. 2010; and Rebich 
and Gautier, 2005).  Similar to the results of my study, these studies found that students use these 
general terms when they did not know specific greenhouse gases or causes of climate change. 
 
5.2.3 Natural and Anthropogenic Climate Change Relationships 
Students struggled to find a relationship between natural and anthropogenic climate 
change.  This struggle included identifying why present-day climate change isn’t natural even 
when climate change occurred naturally in the past.  A relationship between natural and 
anthropogenic climate change played an important role in students’ climate change 
understanding.  The relationships and process by which students developed them were major 
findings of this study. 
Students struggled with understanding that climate change could be both anthropogenic 
and natural despite it being completely natural in the past.  In some cases, it seemed that the 
existence of natural climate change in the past caused students to doubt that anthropogenic 
climate change could occur.  In these cases, students question anthropogenic climate change.  
For example, Austa questioned anthropogenic climate change in interviews 1 and 3.  Throughout 
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the course, she bounced back and forth between accepting and questioning anthropogenic 
climate change.  In interview 3, she displayed doubt in one instance and certainty in another that 
climate change is caused by humans.  She even projected personal doubts in her interview 1 and 
3 responses to the question “some people think that climate change isn’t happening, why do you 
think they think that?”  Similar to Austa, Charlotte questioned anthropogenic climate change and 
projected herself in her responses to the above question.  She expressed her doubts in interviews 
1 and 3, and wanted to know more information about anthropogenic climate change in interview 
2.  As described in Austa’s and Charlotte’s case studies, both demonstrated significant struggles 
with this topic through interview 3.   
This brought me to question, why was this struggle so long and apparent?  Part of the 
reason could be students’ interpretation of the interglacials and glacial cycles that the professor 
taught during the course.  As discussed in section 4.6, the professor showed a graph of these 
cycles that did not include present-day CO2 and temperatures.  Students could think that climate 
patterns will always cycle through periods of warm and cold.  They could think that the present-
day warming was part of the cycle if they misinterpreted the information presented by the 
professor.  The cycles might also cause students to inaccurately think that after the Earth warms, 
its temperature will begin to decrease due to the cycling.  Chris (interview 1) and Lance 
(interview 4) displayed evidence that they thought this when they concluded that climate change 
could lead to cooler temperatures. 
Perhaps in an effort to resolve their struggle with natural climate change, students 
constructed a relationship between natural and anthropogenic climate change.  They constructed 
the idea that climate change occurred naturally in the past, but humans are accelerating it or 
“speeding it up.”  As discussed in section 4.9, all focus students constructed a version of this 
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conception.  For Austa, the first appearance of this relationship occurred during interview 3 when 
she stated that humans are causing climate change to happen at increased rates.  Both Charlotte 
and Chris stated that humans are “speeding up” climate change.  This initially occurred in 
interview 1 for Charlotte and interview 3 for Chris.   
The idea that humans are “speeding up” climate change could be used in both accurate 
and inaccurate contexts.  Accurately, humans are increasing the rate of release of CO2 into the 
atmosphere, thus accelerating warming.  If students think that “speeding up” means that humans 
are decreasing the time in-between glacial periods, then they could have an inaccurate view of 
the outcomes of climate change.  Chris, Lance, and Lauren’s statements could be interpreted in 
the above manner.  If this was the case, they may think that the “speeding up” will eventually 
lead to a global cooling as the temperature trend crests the interglacial warm peak.  Lance and 
Chris displayed evidence that they thought that climate change would lead to cooler 
temperatures.  These conceptions may not be completely accurate.   
  Despite the construction of the “accelerating” or “speeding up” ideas, some students 
took time and internal reworking of their ideas to integrate this relationship into their climate 
change conceptions.  Smith et al. (1993) stated that conceptual change can take a long time.  
Students will grapple with integrating their experienced-based and scientific explanations.  This 
period is marked with noticeable struggle and the existence of hybrid conceptions (Vygotsky, 
1986).  Austa first stated the rate relationship during interview 3, which also included her 
questioning and confirming anthropogenic climate change.  Interview 3 could have been a time 
where Austa was figuring out the relationship and possibly restructuring her conceptions in 
accordance with Smith et al.’s (1993) theory.   By interview 4, she expressed that she understood 
that climate change could be both.  
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This struggle to integrate the relationship into her conceptions could have occurred 
throughout a majority of the course for Charlotte.  She stated that humans are “speeding up” the 
natural process in interview 1, but questioned whether climate change was anthropogenic in 
addition to natural throughout the first three interviews.  Even though she stated the relationship, 
she struggled with it for half of the semester before she could resolve her climate change 
uncertainty.  Like Austa, she expressed certainty that humans cause climate change in interview 
4. 
As Smith et al. (1993) described, hybrid conceptions could result while students grapple 
with working school-taught concepts with their experienced-based conceptions.  These hybrid 
conceptions could appear odd, inaccurate, or mixed up.  Other studies have identified hybrid 
climate change conceptions (Leighton and Bisanz, 2003; Jakobsson, 2009).  Jakobsson (2009) 
found that students who are able to construct concepts, but not able to apply them to specific 
principles of climate change, may be in a hybrid state.  Leighton and Bizanz (2003) proposed 
that fragments of knowledge will evolve into cohesive models.  It is possible that Austa and 
Charlotte demonstrated hybrid conceptions while figuring out anthropogenic climate change.  
Students’ constructed conceptions may not always be accurate.  Inaccurate conceptions 
could be hybrid conceptions.  While working through natural and anthropogenic climate change, 
Chris constructed a definition of climate change that was different than the professors’.  He 
constructed the idea that “climate change” describes natural climate change only and “global 
warming” describes anthropogenic climate change.  As discussed in Chris’ case study this 
construction coincided with learning that both natural and anthropogenic climate change occur.  
This was part of Chris’ conceptions of the relationship between natural and anthropogenic 
climate change.   
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Unlike the three lower-performing focus students, Lance and Lauren stated the 
relationship between natural and anthropogenic climate change at the beginning of the course.  
Lance stated that humans are “accelerating” climate change.  Lauren stated that humans are 
“adjusting” natural climate change.  They did not struggle with this concept.   
The finding that students develop a relationship between natural and anthropogenic 
climate change in order to understand that both are happening is one of the major findings of this 
study.  The cases showed that students take different paths during the construction of their ideas.  
Some students, such as Austa and Charlotte, displayed a period of struggle.  Others, such as 
Lance and Lauren, did not.  It is possible that hybrid conceptions such as Chris’ and Charlotte’s 
idea that “climate change” is only natural and “global warming” is anthropogenic are part of 
students’ relationship ideas.  The following discussion of students’ alternative definitions of 
climate change describe these ideas in more detail.  
 
5.2.4 Alternative “Climate Change” Definitions 
Some students have a definition of “climate change” that is different than the professor’s.  
This could be due to generalizing climate change, as discussed earlier in this chapter.  
Throughout the semester, it became apparent that Lauren inaccurately thought that various 
environmental problems were climate change.  As discussed earlier, this could be due to climate 
change being closely related to other environmental changes.  Students could have developed 
alternate definitions of climate change in order to differentiate between natural and 
anthropogenic climate change, which were part of the relationship.  Chris and Charlotte both 
demonstrated definitions that considered “global warming” the climate change resulting from 
humans, reserving “climate change” for natural forcings.   
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Whitmarsh (2009) found that people associate worse environmental repercussions with 
the term “global warming” compared to “climate change.”  Adding to this, my study shows that 
students can take the term “climate change” out of context.  The consequence of de-
contextualization could be inadequate interpretation of future scientific findings.  My study also 
identifies that the alternative definitions were constructed by the students possibly to describe 
climate change relationships.  These alternate definitions could be hybrid conceptions 
(Vygotsky, 1986 and Smith et al., 1993) that students construct trying to understand the bigger 
picture.  It is unknown as to how students’ ideas would change from further instruction since 
these alternate definitions were present at the end of the course. 
  
5.2.5 Other Findings 
In this section, I discuss other findings of this research that do not directly fall under 
natural and anthropogenic climate change relationships and climate change definitions.  These 
findings relate to students’ understanding of carbon and fossil fuels, students’ natural climate 
change ideas, students’ ideas about climate skepticism, and the climate change questionnaire.  
 
5.2.5.1 Role of Carbon and Fossil Fuels 
Prior to instruction, some students do not realize the importance of fossil fuels and CO2’s 
role in climate change.  Prior research found that incorrect fossil fuel ideas include thinking that 
fossil fuels have existed since the beginning of Earth and that fossil fuel burning does not impact 
the Earth system (McCaffrey and Buhr, 2008 and Madsen, 2007).  While this research didn’t 
yield the same findings, I found that students displayed little knowledge about fossil fuels early 
in the course.  Summers et al. (2001) found that pre- and in-service elementary teachers lacked 
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understanding of carbon in fossil fuels and the release of carbon into the atmosphere from 
combustion.  In interview 1, Austa made an incorrect assumption that CO2 came from mud bogs, 
and Chris gave a vague discussion about how “pollution” causes climate change.  Even Lance 
and Charlotte didn’t discuss fossil fuels in the first interview.  Students’ lack of knowledge was a 
surprising finding since anthropogenic fossil fuel burning is the biggest and most discussed cause 
of climate change.       
Students’ understanding of the role of carbon in climate change improved after they 
learned about the carbon cycle mid-semester.  Prior research documented students’ lack of 
knowledge about the cycling of carbon in the atmosphere (Ebert-May et al., 2003; Madsen, 
2007; Osterlind, 2005; Summers et al., 2001).  This lack of knowledge about the carbon cycle 
could contribute to a lack of understanding about climate change.  In this study, all students’ 
knowledge of anthropogenic climate change improved after learning about the cycling of carbon 
in the Earth system.   
Despite learning about the carbon cycle, students displayed incomplete knowledge of 
how carbon moves through reservoirs, specifically that carbon changes form as it moves through 
reservoirs.  Prior research conducted by Madsen (2007) concluded that students may think that 
carbon moves between reservoirs similar to the way that water does, involving processes of 
evaporation and precipitation.  While my research didn’t document instances of this, I did 
capture students’ lack of descriptions of chemical reaction in their inorganic carbon cycle 
descriptions.  Chris, Charlotte, and Lauren neglected to describe the transformation of carbon 
dioxide into the hydrocarbon within fossil fuels during their descriptions of the burial of organic 
material.  Charlotte constantly referred to the carbon in sedimentary rock as “CO2”, indicating 
that she didn’t know that carbon in sediment existed in a different form.  Even through Lauren 
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described the process of photosynthesis, she still described the carbon within a plant as “carbon 
dioxide.”   
The results from this study inform climate change instructors that students may know 
very little about the relationship of fossil fuels to climate change.  Therefore, explicitly 
describing how and why fossil fuels contribute to climate change may aid in students’ 
understanding.  In this study, students demonstrated improved understanding of the role of fossil 
fuels in climate change after learning about carbon sequestration and the carbon cycle and after 
watching the “Crude” movie.   Instructors could focus on these topics when teaching 
anthropogenic climate change.   
 
5.1.6.2 Natural Climate Change Ideas     
In this study, students used less description for natural climate change mechanisms 
compared with human-caused ones.  The mechanisms behind natural climate change were 
abstract.  Students were taught about the average temperature changing in the Pleistocene, the 
Milakovitch cycles, and the Faint Young Sun paradox.   In most cases, students listed these 
rather than explaining them.  Comparatively, students were able to describe the mechanisms of 
anthropogenic climate change.  Every day, they can see fossil fuel burning, especially for 
transportation.  One of the reasons for the lack of elaboration on natural climate change was due 
to fewer follow-up questions on these topics during the interviews.  However, many of the 
mechanisms for the climate changes of past are still being researched by scientists, so there are 
still large uncertainties surrounding them as they are being taught in the classroom.   The lack of 
detail about natural climate could have caused Austa and Chris to classify water vapor as natural 
climate change, causing confusion. 
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5.2.5.2 Climate Skepticism 
Another result is students’ ideas about why people doubt climate change.  These are their 
responses to the question, “Some people think that climate change isn’t happening.  Why do you 
think they think that?”  The major result includes the four categories of the focus students’ 
responses: blame of a person’s behavior and attitudes, blame of politics and the media, 
attribution to inaccurate ideas, and attribution to climate change “facts”.  It is interesting that 
students focused on non-science issues such as politics, media, or people not wanting to believe.  
In contrast, misconception research discussed in the literature review focused on confusion about 
scientific mechanisms.  The students’ ideas were more socially focused, indicating that they were 
aware that social forces (personal opinions, politics) played into climate change understanding.   
The category attributing climate skepticism to inaccurate ideas includes reasons similar to 
those documented in the misconception research discussed in chapter 2.  I described these in 
section 4.3.3 and listed them in Table 4.4 of this dissertation.  Confusion over weather and 
climate, the most common student-described reason in this category, was also listed as a 
misconception by McCaffrey and Buhr (2008).  They also listed a second reason that 
corresponded with the students’ - people think that the Earth or atmosphere is too large to be 
affected by human actions.  Finally, Lance mentioned a common “nature of science” issue (Abd-
El-Khalick and Lenderman, 2000 and Lenderman et al., 2002) of the misinterpretation of the 
word “theory”; people thinking that a “theory” is something that is not yet proven. 
The inaccurate ideas category included some reasons that were not documented in prior 
research.  This included the idea that people think that climate change happens over a short time.  
Prior research has not linked timescale interpretation to climate change misconceptions.  
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Similarly, Chris pointed out that people may think that the Earth existed for only 2010 years.  
(This research was conducted in 2010.)  This showed lack of knowledge about geologic time.  
Future research could investigate the occurrences of these inaccurate ideas and how it relates to 
climate change understanding.      
 
5.2.5.3 Climate Change Questionnaire 
Finally, there are a couple of results surrounding the climate change questionnaire.  The 
questionnaire itself is a result because it can be utilized for future work.  The questionnaire 
included questions from various assessments plus a few original questions.   A copy of the 
climate change questionnaire and subsequent answer key is included in Appendix C.  
The class results of the climate change questionnaire show that students have incomplete 
knowledge of climate change prior to taking a course on the subject.  Table 5.3 shows the class 
average scores for the pre-class and post-class CCQs.  
Table 5.3: Climate Change Questionnaire score comparison 
 Section 1 Scores Section 2 Scores 
 Pre-Class 
(n=159) 
Post-Class 
(n=137) 
Change Pre-Class 
(n=159) 
Post-Class 
(n=1367) 
Change 
Average 0.31 0.43 0.12 3.39 3.95 0.56 
Median 0.29 0.42 0.13 3.35 3.91 0.56 
Low -0.02 0.06 0.08 2.23 2.41 0.18 
High 0.82 0.96 0.14 4.55 5.00 0.45 
Lowest 
Possible 
-1 N/A 1 N/A 
Highest 
Possible 
1 N/A 5 N/A 
  
Class average scores for section 1 CCQ increased 0.12 from 0.31 to 0.43.  Class average score 
for section 2 increased 0.56 from 3.39 to 3.95.  The post-class high score for section 2 was 5.00, 
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which was equal to the highest possible score.  The post-class averages of 0.43 (section 1) and 
3.95 (section 2) were far from this possible high (1.00 and 5.00, respectively), indicating that 
students leave the class with room to improve their climate change understanding.   
 
5.3 Limitations 
As with all qualitative case studies, the goal of this research was to dive deeply into a 
situation rather than perform a statistical survey.   Findings here can be used to predict possible 
struggles that students in a class may have, but cannot be used to predict exact outcomes of a 
similar study.  I assume that a similar cohort of non-science undergraduates may have the same 
skepticism about and definitions of climate change.  One notable feature of this study was that it 
was conducted on a campus within a liberal city which has a liberal student body.  Conducting 
the study on a campus that attracts more conservative faculty and students may yield different 
results, and in particular, more climate skepticism.    
The study was limited by the timeframe in which I collected my data.  I designed the 
study for one semester, so I did not collect data after the final exam.  It could be interesting to see 
if students held on to the knowledge they acquired in class or whether they reverted back to their 
original ideas by interviewing them months after the course was over.  I didn’t include this 
aspect in my study design.   
Another limitation of scope was dates of the first interviews.  These occurred 3 weeks 
into the semester, where I would have preferred to start these in the first week.  My first 
interview had to wait for Institutional Review Board (IRB) approval, which wasn’t granted until 
after the semester started.  Despite the delay, the data still revealed how students’ ideas changed 
throughout the semester, but there may have been differences in interview 1 data if these were 
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conducted prior to any classroom instruction.  I would expect the students to know less earlier in 
the semester, but I would expect Charlotte, Lauren and Lance to still describe their ideas from 
prior courses and experience.       
 
5.4 Implications 
The findings in this dissertation have implications for teachers and for the greater 
community of scientists.  In particular, the finding that three out of the five students had a 
definition of “climate change” that was different than the professor’s shows that the term 
“climate change” is difficult to contextualize.  It is possible that these various definitions resulted 
from the professor’s failure to unambiguously explain “climate change.”   The professor may 
have glossed over this because in her day-to-day interaction with other scientists, everyone has a 
common definition of the term.  But students who are Earth Science learners may not know the 
common definition used by scientists.  Therefore, it is important that professors describe 
“climate change” so students can better understand subsequent course material.    
This is an example of a potential disconnect between students and their professors.  
Professors need to be aware about the level of understanding their students have at the beginning 
of the course.  To do this, professors could utilize pre-assessments to capture students’ pre-class 
knowledge.  Although they take a long time to review, open-ended assessments (free response) 
will reveal more information about students’ understanding than closed-form assessment 
(multiple choice).   The professor could identify gaps in students and attempt to address these 
gaps throughout the course.   
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5.4.1 Implications for teachers 
Climate change professors and educators can use the cases from this dissertation to 
understand possible hurdles that their students may need to overcome.  Knowing that students 
may possess an alternate definition of “climate change” indicates to professors that they must 
define this during their class.  Professors should revisit this at different times throughout the 
semester.  This is important because students could forget, struggle with or change these 
definitions.  Their ideas will be impacted by what they hear outside of class, which may not be 
accurate.   Students need to know the professor’s meaning of “climate change” so that they can 
understand the rest of the information in the intended context.  
The idea that students need to develop a relationship between natural and anthropogenic 
climate change also has teaching implications.  Students may not automatically accept 
anthropogenic climate change because they haven’t developed a relationship between it and 
natural climate change.  If professors realize that students struggle with this, they can give 
students time to reflect on their ideas of natural and anthropogenic and develop the relationship 
between the two.   
Students’ understanding increased after viewing the “Crude” movie.  They developed 
ideas about the source of CO2 and the creation of fossil fuels.  Emphasizing the origins of fossil 
fuels and the possible implications of climate change could help students understand how 
humans are impacting the climate.   
It could take students time to absorb the material being taught in class.  Professors should 
expect students to struggle with some concepts, so they should give them ample time to do so.  
Also, if students display inaccurate ideas, the professor should use these as a starting point for 
building knowledge rather than dismiss these students as having “misconceptions”.  
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Finally, professors should not assume that students interpret the material the same way as 
the professor.  Students construct their ideas based on what they already know.  Therefore, their 
prior ideas are going to impact how they conceptualize ideas taught to them in a lecture.  The 
professor can address this by posing questions in class that activate prior ideas and giving 
students time to construct additional ones related to the material.  Also, the professor can revisit 
course material and use different instruction strategies to teach the same concept to ensure 
students have multiple passes at critical concepts. 
Other studies researched different classroom teaching practices and their effect on 
students’ climate change understanding.   Effective teaching practices include using a 
socioscientific issue-based curriculum (Klosterman and Sadler, 2010) and utilizing a 
constructivist approach and problem-based methods (Bardsley and Bardsley, 2007).  The reader 
can refer to these studies for more information on instructional methods. 
 
5.4.1 Implications For the Scientific Community 
Although conducted in a classroom, the outcomes of this study have implications for the 
scientific community.  Various personal definitions of climate change may make it difficult for 
professors and scientists to communicate climate change information.  If people do not know 
what is meant by the term, then they may not understand outcomes of scientific research 
presented in the media.  This may be an indication to the scientific community that there is a 
need to establish a clear meaning of the term “climate change” and strengthen communication 
with society.   
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5.5 Further Research 
There is tremendous potential for research in the field of climate change education.  
Climate change is an evolving science and as a result, education research surrounding the topic 
should evolve concurrently.  In this section, I discuss the potential future work related to this 
study.   
This research is one of the first case studies on students’ understanding of anthropogenic 
and natural climate change.  Therefore, there are many opportunities for further research.  Like 
all case studies, this could be repeated with different subjects, such as ones who are science 
majors or from different age groups.  I’d expect the science majors to display fewer struggles 
because of their higher science background.  But I’d expect ideas that I found in this study to 
occur in students and adults who are older or younger than college age.  This is because other 
research about climate change understanding (described in Chapter 2) found that some inaccurate 
ideas occur across students of all ages.   
Changes could be made to the design of the case study to retrieve information efficiently.  
When designing this study, I was open to looking at all climate change ideas, but later narrowed 
my focus to the difference between natural and anthropogenic climate change.  I would focus 
future case study designs immediately.  Future case studies could be designed to be slightly 
longitudinal.  As stated earlier, it would be interesting to see students’ ideas months or one year 
after the end of the course to see if they held their conceptions. 
The results of this case study could also be the foundation for quantitative studies, such as 
a way to develop questionnaires that survey a larger group of students.  The quantitative studies 
that would result could be used to identify general trends about ideas of natural and 
anthropogenic climate change.   
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There is currently a need for a validated concept inventory (CI) for climate change.  This 
concept inventory should assess students’ knowledge similar to the Force Concept Inventory 
(Hestenes, 1992), which is utilized heavily in Physics Education research.  Some organizations 
have worked towards various concept inventories for climate change, such as the the University 
of Wollongong, Australia (Jarrett et al., 2001) and the Arthurs Research Group at University of 
Nebraska.  As part of the Yale Project on Climate Change Communication, Leiserowitz et al. 
(2010) developed a CI and used it to assess 2,030 American adults for their 2010 study.  Future 
work includes the completion and validation of an overarching CI and the use of the CI to assess 
student understanding.       
This study and associated implications can inform climate change instruction and 
curriculum development.  Additional studies could assess the effectiveness of these on students’ 
climate change understanding.  In related work, I developed a curriculum intended to improve 
students’ climate change understanding, using lessons that allow for student inquiry.  Reports 
associated with these projects can be seen in Appendix N and Appendix O.  Future research 
could include investigating the effectiveness of this curriculum. 
This research documented reasons for climate change skepticism as identified by the 
focus students.  A majority of these reasons related to social issues rather than science 
misconceptions.  For example, students attributed climate skepticism to politics and personal 
opinion more often than confusion about the science.  Future studies could investigate why 
students emphasize the social forces that cause climate skepticism.  Another interesting category 
of student-identified climate change skepticism was climate change “facts” that promote 
skepticism.   Future research could identify whether characteristics such as the small average 
temperature change or the natural climate change that occurred in the past could indeed cause 
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skepticism in society.  Finally, other future studies could expand on all ideas, no matter socially-
based or scientifically based, and investigate if these results are consistent across other groups.   
This study also identified areas of students’ confusions relating to natural and 
anthropogenic climate change.  Some students wondered if all climate change is natural.  
Students needed time to construct a relationship between natural and anthropogenic climate 
change, which helped them understand that climate change is both.  Future work could closely 
investigate students’ conceptions and construction of these relationships.  The future studies 
could deeply investigate the reasons for the confusion over natural climate change.  For example, 
some focus students considered the impact from water vapor to be “natural” climate change, 
which they struggled with when learning that water vapor has the largest concentration of 
greenhouse gases in the atmosphere.  The struggle included bouts of doubt regarding 
anthropogenic climate change.  Future studies could investigate if other ideas cause confusion in 
a similar way.    
The idea that past climate change included cyclical glacial and interglacial periods also 
could have caused focus students to struggle with anthropogenic climate change.  Future studies 
could investigate these conceptions deeply.  These studies could include specific details of the 
relationship between natural and anthropogenic climate change.    
While this study looked at students’ ideas of natural and anthropogenic climate change, 
during the data collection phase, I identified other critical climate change topics including the 
greenhouse effect, the carbon cycle, climate feedbacks, and the difference between weather and 
climate.  Future work could focus on these “big picture” topics of climate change understanding.    
This study found that students didn’t describe that carbon changed form when moving 
from one reservoir to another.  Future work could investigate students’ conceptions around this 
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idea.  If students think the carbon cycle is similar to the water cycle and includes evaporation and 
precipitation (Madsen, 2007), future studies could investigate how students utilize their 
knowledge of the water cycle to construct their knowledge of the carbon cycle.  Findings could 
be similar to that of Jones et al. (2000), who found that students used systems of knowledge from 
evaporation to explain convection, supporting that students construct their ideas based on what 
they already know.  Future studies about student s’ ideas about how carbon changes form could 
identify how their ideas impact other aspects of climate change understanding. 
This study found that students constructed the relationship, “climate change is natural and 
humans are speeding it up.”  In this research, there was some inference as to what students meant 
by “speeding up”.  Future research could focus on the meaning of the above relationship and the 
conceptions that result from the “speeding up” idea.  
Future research could investigate potential p-prims or resources, which if used or 
activated inaccurately could become a misconception (Smith et al., 1993 and Hammer, 2000).  
Potential ideas include the statement that humans are “speeding up” climate change and the idea 
that climate change is a “cycle”.  Also, students identified that climate skepticism could be due to 
people thinking that climate change is negligible because the average temperature has only 
increased a small amount.  This could result from inaccurately thinking that a small change will 
result in small impacts, which neglects enhancements from climate feedbacks.  The “preservation 
of small” could be a fine-grained idea that is incorrectly applied to climate change.   
This study was designed to take a broad approach to the topic of climate change during the 
data collection and then narrow to a focus topic.  The findings of this dissertation discuss a 
variety of areas where students struggled.   These areas of struggle could be the focus for future 
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research, allowing the researcher to select a focus-topic prior to study so that findings can be 
thorough rather than broad.    
   
5.6 Concluding Thoughts 
At the time of this study, no one had researched students’ ideas of natural and 
anthropogenic climate change in as much depth as reported here.  This study would still be 
unique if a similar study had been conducted, due to the group researched and the campus.  
Repeating this study at a different location or time could yield different findings.  Climate 
change is an evolving topic, and as such, I expect results from climate change education research 
to evolve as well.   
Because climate change is a fairly “new” science, associated education research is still in 
its infancy.  There is a big need for climate change education research, especially qualitative 
research.  Shortcomings that need to be addressed include validated assessments such as a 
Concept Inventory, thorough evaluations of climate change curriculum, and additional 
exploratory studies into climate change ideas.  There are some communities invested in 
curriculum and outreach, a few of which I have been a part of, but many do not focus on 
education research.  I strongly encourage the creation of education research groups dedicated to 
climate change education.   
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APPENDIX B 
 
Climate Change Questionnaire Development 
 
I developed the CCQ using assessments from prior research, other misconceptions 
identified in the literature review, and my personal teaching experiences.  Articles that supported 
my CCQ were Jeffries et al. (2001), Cordero et al. (2008), Gautier et al. (2006), Groves and Pugh 
(1999), Gowda et al. (1997), Dove el al. (2003), Pruneau et al. (2003), and Papdimitriou (2004).   
 
Some of the articles above described the misconception that the ozone hole increases the 
amount of solar radiation penetrating the Earth, increasing the greenhouse effect and causing 
global warming (Jeffries et al, 2002, Gowda et al. 1997, Cordero et al., 2008, Dove, 1996, 
Groves and Pugh, 1999, Papadimitriou, 2004).  Groves and Pugh (1999) and Jeffries et al. (2002) 
identified the misconception that global warming increases the amount of skin cancer in humans.  
I included these misconceptions in my assessment to see if my students incorrectly connected the 
ozone hole and global warming. 
 
Some studies reported ways students incorrectly broadened climate chang or incorrectly 
attributed global warming to unrelated environmental ailments.  For example, Gowda et al. 
(1997), reported that some students incorrectly thought that all environmental harms caused 
climate change.  Groves and Pugh (1999) reported incorrect student thinking that radioactive 
waste, nuclear bombs, acid rain, and beach pollution caused global warming.  Papadimitriou 
(2004) found that students incorrectly relate climate change to air pollution.  Jeffries et al., 
(2001) and Groves and Pugh (1999) found that many students incorrectly thought that burning 
unleaded gasoline instead of leaded would reduce global warming, showing a mix-up between 
climate change and health problems associated with air quality.  I included questions on the CCQ 
that possibly captured students’ broadening of global warming causes by including questions on 
gasoline, nuclear bombs, litter on the streets, reducing starvation, and protecting rare species.   
 
Some studies (Gowda et al., 1997 and Papadimitriou, 2004) reported students confusing 
weather with climate.  Gowda et al., (1997) also reported that students thought that warmer 
weather represented climate change.  On top of this, students often inflated their estimates of 
climate change.  For example, students predicted that the 10-year increase in temperature from 
global warming would be 11 degrees Fahrenheit, while the IPCC (1992) estimated an increase in 
0.3 degrees.  Pruneau et al. (2003) found that students confused changes in the seasons with 
climate change.  On the CCQ, I included questions on the difference between weather and 
climate to capture students’ possible confusion with these topics. 
 
  Papadimitriou (2004) concluded that students possess a lack of scientific knowledge 
when it comes to understanding climate change.  To address this, I included questions based on 
the nature of science such as how scientists study climate.   
 
Dove (1996) presented that students didn’t understand the process of the greenhouse 
effect.  I modified and included her open-ended essay question, “Explain with words and 
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diagrams how the greenhouse effect works.”  Dove also identified that students confuse carbon 
dioxide with carbon monoxide, incorrectly stating that CO is the most powerful greenhouse gas.  
To capture this, I included a question on carbon monoxide. 
 
Like conflating the causes of climate change, students tended to conflate the 
consequences of climate change, meaning that they incorrectly attributed natural disaster to it.  
Groves and Pugh (1999) found that students incorrectly stated that a consequence of global 
warming was earthquakes.  I added questions about incorrect global warming consequences such 
as earthquakes, changes in solar luminosity, volcanoes, food poisoning, heart attacks, and skin 
cancer. 
 
In addition to the guidance from assessments given in prior research, I used my 
experience as an instructor and TA of ATOC 1060 to identify areas of difficulty for today’s 
college undergraduates.  One possibility was the incorrect thought that there is a debate among 
scientists on whether or not climate change is occurring, when there is actually a consensus 
(IPCC, 2007).  Another was the incorrect idea that greenhouse gas emissions only affected the 
climate of the area local to the point source, rather than the entire globe.  A third was an increase 
in any “pollutant” could heat the atmosphere, which is a broadening of the causes of climate 
change.  Finally, students in ATOC 1060 often struggle with math concepts crucial to 
understanding climate science, such as averaging and trends.   I included questions about all of 
these on the CCQ. 
 
Finally, Cordero et al. (2008) examined student understanding of energy use and climate 
change.  I included questions in the CCQ about the carbon footprint of electric vehicles versus 
that of gasoline-powered vehicles, and the use of renewable electricity instead of fossil fuel 
driven electricity.   
 
I developed my CCQ after considering student misconceptions identified by prior 
research.  Two of the assessments - Jeffries et al. (2001) and Cordero et al. (2008) - contained a 
lot of the question content that I was looking for, so I selected a majority of my CCQ questions 
from these assessments.  Jeffries et al. (2001) used a questionnaire originally developed by 
Boyes and Stanisstreet (1992), which they utilized multiple times (Boyes and Stanisstreet, 1992; 
Boyes and Stanisstreet, 1993; Boyes, Chuckran, and Stanisstreet, 1993; Boyes and Stanisstreet, 
1998; Boyes et al., 2008).  I modified the questions from Jeffries et al. (2001) to reflect current 
climate change vocabulary.  For example, Jeffries used “the greenhouse effect” in a context that 
means “global warming,” so I changed the terms accordingly.  I also modified some of the terms 
in the questionnaire to reflect American commonalities as opposed to the original British term.  
For example, I changed “petrol” to “gasoline.”  I included one-fourth of the Cordero questions, 
which didn’t need any modification.  I added questions based on the discussion above.  
 
The CCQ contained 3 sections.  Section 1 contained most questions that originated from 
Jeffries et al. (2001) and some additions guided by other research. The response choices utilized 
a multiple-choice Lickert scale and were: A - I am sure this is right, B - I think this is right, C - I 
don’t know about this, D - I think this is wrong, E - I am sure this is wrong. 
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Section 2 contained questions primarily authored by Cordero et al. (2008).  Along with 
answering these multiple-choice Lickert scale questions, student wrote explanation for their 
multiple choice under each question in section 2.  The Lickert scale choices for Cordero were: A 
-  Strongly agree, B - Somewhat agree, C - Not sure/ Neutral, D - Somewhat disagree, E - 
Strongly disagree. 
 
Section 3 of the CCQ included short answer questions, and included an essay question by 
Dove (1996), a second essay question on global warming and a short answer question about 
trends.   
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APPENDIX C 
 
Climate Change Questionnaire KEY 
 
I indicated the source of the question in Blue.  I also included the correct answer to the multiple 
choice questions on the left side.  Finally, I indicated in red, Lickert scale questions that I did not 
use in the analysis to determine the focus students.  This will be discussed in the CCQ Analysis 
section.   
Name:_KEY 
Student ID:________________________________ 
 
Note: This Key is the key used to score the pre-assessment CCQs in Jan/Feb 2010. 
Based on Kim Trenbath and Darin Toohey’s input. 
 
Please read all instructions carefully as you will often need to record your responses on 
this form AND the scantron. 
 
Preliminary Instructions and Introduction: 
You will need to fill out a questionnaire form and a scantron.  Please take a moment to do the 
following before you start: 
1. Write your name and student ID on this questionnaire. 
2. Write your name on the scantron. 
3.  Write your student ID on the scantron and bubble-in your ID. 
 
This questionnaire contains 3 sections.   
1.  Section 1 contains 47 Likert-style questions (similar to multiple choice).   
2.  Section 2 contains 20 Likert-style questions (similar to multiple choice) and space for 
you to explain your answers. 
3.  Section 3 contains three short answer questions. 
 
Section 1: Likert scale  
Instructions: 
This section will capture your understanding about the causes, effects, and mitigation of 
climate change.  Use the following scale to indicate what you know about each of the 
following statements in this section.  
 
A.  
I am sure this 
is right 
 
B.  
I think this is 
right 
 
C.  
I don’t know 
about this 
 
D.  
I think this is 
wrong 
 
E.  
I am sure this 
is wrong 
 
This section is divided into three subsections.  Subsections A, B, and C captures your 
understanding of the climate change causes, effects, and solutions, respectively.  Each 
subsection has one preceding statement for all subsequent statements. 
 
Appendix B – Climate Change Questionnaire Development 
222 
 
Record your letter answer on the line provided.  On your scantron, bubble in your 
response for each question using the scale above. 
 
Subsection A: Causes of global warming 
All of these except for 9 and 16 under Scale: “Sec1ScaleC” 
Global warming is made worse…  
 E 
 A 
 E 
 A 
 E 
 A 
 E 
  
 E 
 A 
  
 E 
 A 
 A 
 E 
  
 A 
 A 
 E 
 A 
1. …by garbage dumped in rivers and streams (Jeffries et al., 2001 - adjusted) 
2. …by too much carbon dioxide in the air (Jeffries et al., 2001) 
3. …by too much carbon monoxide in the air (Dove, 1996 and Trenbath) 
4. …by too much ozone near the ground (Jeffries et al., 2001) 
5. …by too much litter in the streets (Jeffries et al., 2001) 
6. …by gas from rotting waste (Jeffries et al. 2001) 
7. …by radioactive waste from nuclear power plants (Jeffries et al., 2001 - 
adjusted) 
8. …by acid in the rain (Jeffries et al., 2001) 
9. …by gas which comes from artificial fertilizers Correct answer A, but threw out. 
(Jeffries et al., 2001) 
10. …by holes in the ozone layer (Jeffries et al., 2001) 
11. …by burning fossil fuels (Trenbath) 
12. …by deforestation (Cordero et al., 2008 and Trenbath) 
13. …because greenhouse gases absorb incoming radiation from the sun (Jeffries 
et al., 2001 - adjusted) 
14. …because greenhouse gases absorb outgoing radiation from the Earth (Jeffries 
et al., 2001 - adjusted) 
15. …by automobile emissions (Trenbath) 
16. …because of space exploration Correct answer E, but threw out (Trenbath) 
17. …by power plant emissions (Trenbath) 
 
Subsection B: Effects of global warming 
All of these under Scale: “Sec1ScaleE” 
If global warming increases…. 
 A 
 E 
 A 
 E 
 A 
 E 
 E 
 A 
 E 
 A 
 A 
 E 
 A 
18. …the Earth will get hotter (Jeffries et al., 2001) 
19. …more people will get food poisoning (Jeffries et al., 2001) 
20. …there will be more flooding (Jeffries et al., 2001) 
21. …more fish will get poisoned in the rivers (Jeffries et al., 2001) 
22. …there will be more intense hurricanes (Trenbath) 
23. …more people will get skin cancer (Jeffries et al., 2001) 
24. …some of our tap water will become unsafe to drink (Jeffries et al., 2001) 
25. …there will be changes in the world’s weather (Jeffries et al., 2001) 
26. …more people will die of heart attacks (Jeffries et al., 2001) 
27. …there will be more deserts in the world (Jeffries et al., 2001) 
28. …some of the ice at the North and South Poles will melt (Jeffries et al., 2001) 
29. …there will be more earthquakes (Jeffries et al., 2001) 
30. …sea level will rise (Trenbath) 
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 A 
 E 
 E 
31. …there will be more droughts (Trenbath) 
32. …there will be more volcanoes (Trenbath) 
33. …the sun’s luminosity will decrease (Trenbath) 
 
Subsection C: Global warming solutions 
All of these under Scale: “Sec1ScaleS” 
Global warming can be decreased… 
 A 
 A 
  
 E 
 E 
 E 
 A 
 A 
  
 E 
 A 
 E 
 A 
 A 
 E 
 A 
34. …by eating a vegetarian diet  (Trenbath) 
35. …by having more nuclear power stations instead of coal power stations 
(Jeffries et al., 2001) 
36. …by keeping beaches clean (Jeffries et al., 2001) 
37. …by using unleaded gasoline (Jeffries et al., 2001 - adjusted) 
38. …by reducing the number of nuclear bombs in the world (Jeffries et al., 2001) 
39. …by planting more trees in the world (Jeffries et al., 2001) 
40. …by making our electricity from wind and the sun (Jeffries et al., 2001 - 
adjusted) 
41. …by protecting rare plants and animals (Jeffries et al., 2001) 
42. …by reducing electricity use (Jeffries et al., 2001 - adjusted) 
43. …by reducing starvation in the world (Jeffries et al., 2001) 
44. …by driving less (Jeffries et al., 2001 - adjusted) 
45. …by drinking tap water rather than bottled water (Cordero et al., 2008) 
46. …by putting litter in the trash (Cordero et al., 2008) 
47. …by using energy saving light bulbs (Cordero et al., 2008) 
 
Section 2: Likert scale with explanation 
Instructions: 
This section will capture your understanding about statements that relate to climate 
change.  First, use the following scale to indicate what you know about each of the following 
statements.  
 
A. 
Strongly agree 
 
B. 
Somewhat 
agree 
 
C. 
Not sure/ 
Neutral 
 
D. 
Somewhat 
disagree 
 
E. 
Strongly 
disagree 
 
 
Then, in the space below each question explain why you chose your answer. 
 
On this survey, record you answer on the line provided.  Write your explanation in the 
space provided.   On your scanton, bubble-in your response for each question below.   
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A 48. Excess carbon dioxide is the result of human burning of fossil fuels such as coal 
and oil. (Trenbath, guided by Cordero et al., 2008) 
Scale: General Global Warming (G) 
Explanation: 
 
 E 49. The greenhouse effect is completely the result of human activity. (Trenbath, 
guided by Cordero et al., 2008) 
Scale: General Global Warming (G) 
Explanation: 
 
E 50. The Earth’s temperature has not warmed significantly over the last 100 years. 
(Cordero et al., 2008) 
Scale: General Global Warming (G) 
Explanation: 
 
A 51. There is general agreement among scientists that humans are responsible for 
climate change. (Cordero et al., 2008) 
Scale: Nature of Climate Science (N) 
Explanation: 
 
E 52. Holes in the stratospheric ozone will increase global warming. (Cordero et al., 
2008 - adjusted) 
Scale: Ozone and Climate Change (O) 
Explanation: 
 
E 53. Ozone depletion is directly caused by the increase in carbon dioxide (CO2). 
Scale: Ozone and Climate Change (O) 
Explanation: 
 
OUT 54. Global warming is one of the most pressing environmental issues facing the 
world today.   
THREW THIS QUESTION OUT (Cordero et al., 2008) 
Explanation: 
 
A 55. Most scientists believe that the Earth’s temperature will continue to warm 
during the next century. (Cordero et al., 2008) 
Scale: Nature of Climate Science (N) 
Explanation: 
 
E 56. Electric automobiles do not contribute to global warming. (Cordero et al., 
2008) 
Scale: Energy (E) 
Explanation: 
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E 57. Electricity is generally clean energy and does not contribute to global warming. 
(Cordero et al., 2008) 
Scale: Energy (E) 
Explanation: 
 
OUT  58. Recycling comingled containers reduces global warming. (Trenbath guided by 
Jeffries et al., 2001) 
THREW THIS QUESTION OUT 
Explanation: 
 
OUT 59. Putting scrubbers on coal-fired power plants decreases global warming by 
removing CO2 from their emissions.   (Trenbath) 
THREW THIS QUESTION OUT 
Explanation: 
 
A 60. Greenhouse gas emissions affect the entire globe, not just the local area from 
which the emissions originate. (Trenbath) 
Scale: General Global Warming (G) 
Explanation: 
 
OUT 61. I have experienced climate change over my lifetime. (Trenbath guided by 
Cordero et al. 2008) 
THREW THIS QUESTION OUT 
Explanation: 
 
A 62. Weather often changes from year to year. (Trenbath guided by Gowda et al. 
1997) 
Scale: Weather vs. Climate (W) 
Explanation: 
 
E 63. Climate often changes from year to year. (Trenbath guided by Gowda et al. 
1997) 
Scale: Weather vs. Climate (W) 
Explanation:  
 
E 64. Climate means the same thing as weather. (Trenbath guided by Gowda et al. 
1997) 
Scale: Weather vs. Climate (W) 
Explanation: 
 
E 65. Scientists research climate change solely on observations. (Trenbath guided by 
Papadimitriou, 2004) 
 Scale: Nature of Climate Science (N) 
Explanation: 
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OUT 66. Greenhouse gases are toxic to humans. (Trenbath) 
 THREW THIS QUESTION OUT 
Explanation: 
 
OUT 67. On a warm day, the visible emissions from automobile tailpipes and factory 
smokestacks are greenhouse gases. (Trenbath) 
 THREW THIS QUESTION OUT 
Explanation: 
 
 
Section 3: Short answer 
Instructions: 
This section contains 3 short answer questions.  Please use the space provided to record 
your answer to the following questions.   
 
68. Explain with words and diagrams how the greenhouse effect works. (Dove, 1996 – 
adjusted) 
 
 
69. Explain in detail how global warming occurs. (Trenbath) 
 
 
 
 
70. Suppose the below graph shows your bank account balance from the past 20 years.  
Based on the information provided, is your bank account increasing, decreasing, or 
remaining the same?  Draw a linear trendline through the data.  (Trenbath) 
 
 
 
Thank you for completing the Climate Change Questionnaire. 
0
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APPENDIX D 
Questions Removed from CCQ Scores 
 
Table D.1: Questions removed from Section 1 CCQ 
 
Question thrown out Reason 
9. Global warming is made 
worse by gas which comes 
from artificial fertilizers. 
The answer to this question is “yes”, but scientists are currently 
discovering the impacts of artificial fertilizers.  Knowledge of 
artificial fertilizer use is not an indication student climate change 
understanding. 
16. Global warming is 
made worse because of 
space exploration. 
While time in space may not impact the climate, there is a climate 
impact from launching spacecraft and all of the industrial 
processes required to develop the equipment and fuel for space 
exploration.  Removed because there are multiple interpretations 
of this statement. 
 
 
Table D.2: Questions removed from Section 2 CCQ 
 
Question thrown out Reason 
54. Global warming is one of the most pressing 
environmental issues facing the world today.   
This is an opinion statement.   Question was 
intended to capture students’ opinion rather 
than evaluate understanding. 
58. Recycling comingled containers reduces 
global warming. 
Current studies are researching the energy 
intensiveness of recycling, so there are 
contrasting views about this among reports.  
Also, the context of “comingled” is confusing. 
59. Putting scrubbers on coal-fired power 
plants decreases global warming by removing 
CO2 from their emissions.    
Statement has a high level of interpretation.  
This statement is true for CO2 scrubbers, but 
false for sulfur scrubbers.  A lot of students 
didn’t know the term “scrubber”.   
61. I have experienced climate change over my 
lifetime.  
This is an opinion statement, so there is no 
right or wrong answer.   
66. Greenhouse gases are toxic to humans. 
 
CO2 in high doses is toxic to humans.  The 
question can be interpreted in many ways. 
67. On a warm day, the visible emissions from 
automobile tailpipes and factory smokestacks 
are greenhouse gases. 
This question is confusing.  Some invisible 
emissions are greenhouse gases.  
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APPENDIX E 
Climate Change Questionnaire Scoring 
 
Climate Change Questionnaire Section 1 Scoring 
 
I calculated 2 average scale scores from students’ section 1 responses.  The first was the 
students’ cognitive score, which was based on their response compared to the key, or in other 
words, the correctness of the students’ response.  The second was the students’ sureness score, 
which was based on the level of certainty they indicated in their answer.  The answer choices, “I 
am sure this is right”, “I think this right”, “I don’t know about this”, “I think this is wrong”, and 
“I am sure this is wrong”, allow for a sureness calculation.  Students who answered using the 
first or last choice indicated that that think that that they are sure about their answer.  Using the 
middle choice, “I don’t know” allowed the student to indicate a lack of knowledge.  The sureness 
score is different from the cognitive score in that it doesn’t use the key to score a student’s 
response to a question.     
    
The following tables show the value that I assigned to each response, determined by the 
correct answer on the answer key.  For each score, the maximum possible was +1 and the 
minimum was -1.  For cognitive, the student earned a -1 if they responded incorrectly.  For 
sureness, a “-1” corresponded to an “I don’t know” answer.  
  
Table E.1: Section 1 scoring: If the correct answer was “A” 
Multiple Choice selected by student A B C D E 
Cognitive score +1 +1 0 -1 -1 
Sureness score (Certainty) +1 0 -1 0 +1 
 
Table E.2: Section 1 scoring: If the correct answer was “E” 
Multiple Choice selected by student A B C D E 
Cognitive score -1 -1 0 +1 +1 
Sureness score (Certainty) +1 0 -1 0 +1 
 
After scoring each question, I calculated scales for the cognitive scores.  Section 1 of the 
CCQ contained three subsections: Part A was the causes of global warming, Part B was the 
effect of global warming, and Part C was solutions to global warming.  I calculated a scale for 
each subsection that didn’t include questions that I removed from the analysis.  A scale is the 
average of the scores for all the questions selected for the scale.  The following table indicates 
the name of the scale and the questions that were included in each scale.    
 
Table E.3: Section 1 Scales 
Section 1 
Scales 
Scale Definition Includes the following questions from Section 1. 
Sec1ScaleC  C stands for global 
warming causes 
All of Section 1 Subsection A except question 9 
and 16. 
Sec1ScaleE E stands for effects of All of Section 2 Subsection B. 
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global warming 
Sec1ScaleS S stands for global 
warming solutions 
All of Section 2 Subsection C. 
 
Next, I took the average of the scales, which similar to the average of the averages for 
section 1.  This score was the average cognitive scale score for each student. The equation below 
describes the calculation. 
                               
                                    
 
 
 
I referred to this score as the “Section 1 Score” in chapter 3. 
 
I calculated the average sureness score for each student by taking a straight average of all 
Section 1 questions. The equation below describes the calculation. 
   
                              
                           
  
 
 
I referred to this score as the “Section 1 Sureness” in chapter 3. 
 
Climate Change Questionnaire Section 2 Scoring 
 
Section 2 of the CCQ included questions that examined students’ understanding of 
various sub-topics of climate change such as energy and the nature of science.  I didn’t develop 
an equal number of questions for each sub-topic.  Therefore, I developed scales to evaluate each 
sub-topic individually.  I assigned different weights to each scale based on its level of importance 
in this and prior research.  I calculated the average weighted scale for each student.  
 
I based my weighting on my interpretation of prior research.  As described in chapter 2, 
many studies document the ozone misconception.  Because of the emphasis on this 
misconception, I put a larger weight (30%) on the Ozone scale. 
   
Before I could calculate the scales, I assigned numeric values to each students’ Lickert 
scale response.  I assigned values 1 through 5 to Lickert scale responses A, B, C, D, and E.  The 
value 5 represented the correct answer.  Blank responses were not averaged into a scale.  If the 
student answered E or A, and it corresponded with a correct answer (based on the key), they 
received a “5”, but if they were not correct, they received a “1.”  B’s and D’s received either a 
“2” or “4” depending if the response was correct (4) or incorrect (2). All C (neutral) responses 
were assigned a “3.”       
 
I developed 5 scales from the section 2 questions.  I combined questions that measure 
similar concepts into the same scale.  One exception is the general global warming scale where I 
included questions of global warming basics across a variety of topics.  Questions were a part of 
only one scale.  The table below shows my 5 scales and the questions included in each.   
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Table E.4: Section 2 Scales and included questions 
Section 2 
Scales 
Scale 
Definition 
Includes the following questions from Section 2 
Sec2ScaleO Scale: Ozone 
and Climate 
Change (O) 
52. Holes in the stratospheric ozone will increase global 
warming.  
53. Ozone depletion is directly caused by the increase in 
carbon dioxide (CO2). 
Sec2ScaleN Scale: Nature 
of Climate 
Science (N) 
 
51. There is general agreement among scientists that humans 
are responsible for climate change. 
55. Most scientists believe that the Earth’s temperature will 
continue to warm during the next century. 
65. Scientists research climate change solely on observations. 
Sec2ScaleE Scale: Energy 
(E) 
 
56. Electric automobiles do not contribute to global warming.  
57. Electricity is generally clean energy and does not 
contribute to global warming. 
Sec2ScaleW Scale: 
Weather vs. 
Climate (W) 
62. Weather often changes from year to year. 
63. Climate often changes from year to year. 
64. Climate means the same thing as weather. 
Sec2ScaleG Scale: 
General 
Global 
Warming (G) 
48. Excess carbon dioxide is the result of human burning of 
fossil fuels such as coal and oil. 
49. The greenhouse effect is completely the result of human 
activity. 
50. The Earth’s temperature has not warmed significantly 
over the last 100 years. 
60. Greenhouse gas emissions affect the entire globe, not just 
the local area from which the emissions originate. 
 
The table below shows the weights that I assigned to each scale.  
 
Table E.5: Section 2 Weighting 
Scale Weight 
Ozone and the Greenhouse effect 30% 
Nature of Science 20% 
Energy 25% 
Weather Vs. Climate 10% 
General Global Warming 15% 
TOTAL 100% 
   
I multiplied the scale by the weight and added all of those calculations to determine the average 
weighted scale. The equation below describes the calculation. 
 
                        
                 Sec2ScaleN       Sec2ScaleE       Sec2ScaleW       Sec2ScaleG      
 
I referred to this score as the “Section 2 Score” in chapter 3. 
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APPENDIX F 
Post-Class CCQ Scores 
 
The class took the Climate Change Questionnaire on the second to last day of the 
semester.  This was identical to the pre-class CCQ.  Fewer students took the post-class CCQ than 
the pre-class CCQ.  The decrease in sample size was due to some students skipping class on the 
day that the Professor administered the post-class CCQ.  In both cases, I only analyzed students 
who consented to my evaluation of their CCQs.  The below table shows class performance on the 
post-class CCQ. 
 
Table F.1: Post-class Climate Change Questionnaire statistics  (N=137) 
  
Section 1  
Average Cognitive Scale 
Score 
Section 2  
Average Weighted Scale 
Average 0.43 3.94 
Median 0.42 3.91 
Standard Deviation 0.20 0.57 
Maximum 0.96 5.00 
Minimum 0.06 2.41 
Range 0.90 2.59 
Highest Possible 1.00 5.00 
Lowest Possible -1.00 1.00 
 
The class average for Section 1 increased 0.12 to equal 0.43.  Section 2 average was 3.94, a 
value 0.55 greater than the pre-class score.  The Section 1 and Section 2 ranges widened.  
Section 1 scores ranged from 0.06 to 0.96, while Section 2 score ranged from 2.41 to 5.00. 
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APPENDIX G 
Interview Schedule 
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APPENDIX H 
Interview Protocol 
 
I commenced the interview by reading the following statement to my student:   
 
The purpose of this interview is to talk about what you know about climate change.  I will ask 
you similar questions during all interview sessions this semester because I am interested in 
looking at how your ideas grow and change.  Your conceptions, knowledge, and thoughts may 
change from interview to interview.  If they do indeed change, I’m interested in finding out how 
and why they changed.   
 
When I report any information from this interview, I will always use a pseudonym for you. 
 
I am estimating the interview process to take about 60 to 90 minutes. I’ll be keeping track of 
where we are in my notes, both in terms of time, and in terms of things you mention that I’d like 
to come back to. I’d like to audiotape this interview so that I don’t have to write everything 
down.  I will be the only other person to hear this tape. Is that okay with you? 
 
 I have a few interview question written down, but their purpose is to guide this interview.  We do 
not have to get through all of these questions, so feel free to elaborate as you feel necessary.  I 
will not be sharing this information with the instructor of the class.  Please answer these 
questions as honestly as you can.  You may not have an answer to the questions, and if this is the 
case, let me know.   
 
Please feel free to use this paper (and pen) to help you describe your answers, if necessary. 
 
The following is a list of possible questions for my focus students.  These were guiding 
questions.  I asked follow-up questions based on the students’ responses.  Follow-up questions 
included asking the student to give more detail about a concept.  I divided the interview 
questions into three sections: personal, general, and ATOC 1060 specific.  I usually asked these 
questions in the order that they were listed, but sometimes skipped around.     
 
Personal Questions 
1. First of all, tell me a little bit about your interests and background. 
2. What year are you in school? 
3. Why did you decide upon your major? 
4. What do you think about science? 
5. You had many options when deciding on a natural science class.  Why did you decide to take 
ATOC 1060? 
6. Describe how you would (or how you are) studying for a class like ATOC 1060 (science 
lecture class)? 
 
General Questions 
1. Tell me some of the things that you know about climate change. 
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2. How you would describe these concepts when talking to a friend? 
3. Where did you learn your answer(s) to the previous question? 
4. What climate change concepts would you like to learn more about? 
5. What are some things about climate change that do not make sense to you?   
6. Will you go about clarifying these things that do not make sense to you?  How are you going 
to do this?    
7. There are people that think that climate change isn’t happening.  Why do you think they 
think that? 
 
ATOC 1060-Specific Questions 
1. What are you learning in ATOC 1060?  OR What have you learned in ATOC 1060 since last 
time we talked? 
2. Did anything from the lectures stick with you more than other things? 
3. Why are these more memorable than others? 
4. Did you have any other memorable experiences in class that may or may not have anything 
to do with climate change? 
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APPENDIX I 
Concept Map Protocol 
 
 I gave the students 4 dry erase markers, each a different color, a rag to use as an eraser, a 
set of index cards with climate concepts on them (same set for all students and all interviews), 
and a list of focus question to guide the concept map.   
 
The following is the list of the concepts that were on the index cards (one concept per 
flashcard).  These flashcards were intended to assist the student while they developed the 
concept map.  I encouraged the student to add concepts or leave out concepts if they feel they 
couldn’t fit the concept into their concept map. 
 
 Greenhouse Effect 
 Carbon Dioxide 
 Anthropogenic 
 Visible Radiation 
 IR Radiation 
 Sun 
 Earth 
 Stratospheric Ozone 
 Troposphere Ozone 
 Carbon Cycle 
 Fossil Fuels 
 Greenhouse Gases 
 Carbon Cycle 
 Sea level 
 Polar Ice Caps 
 Weather 
 Climate  
 Precipitation 
 Hurricanes 
 Volcanoes 
 IPCC 
 Research 
 Global Warming 
 
 During my first interview session, I described concept maps to my focus students and 
showed them an example one.  I discussed how to draw a concept map, emphasizing that bubbles 
contain concepts and linkages show the relationship between the concepts.  I also an example of 
a concept map that contained 3 to 8 concepts.  During subsequent interviews I reminded students 
of the concept map and described concepts and links.      
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 The student’s task was to draw a concept map on the white board, given the list of 
concepts on index cards and a set of guiding questions, which are listed below.  I read these to 
the student each interview.     
 
Focus questions  
 What is global climate change? 
 What is the evidence? 
 What are the causes? 
 What are the mechanisms? 
 What are the consequences? 
 
I obtained these focus questions from a concept map assessment written by Rebich and 
Gautier (2005).  I allowed the student an unlimited time for their concept maps. 
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APPENDIX J 
Field Note Table 
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APPENDIX K 
Professor Interview Protocol 
Prior to each interview, I read the following to the professor: 
 
The purpose of this interview is to talk about your ATOC 1060 class and students.  I will ask you 
similar questions during all interview sessions this semester.  The main purpose of these sessions 
is to find out your views on your students’ understanding of climate change.  I am also interested 
in understand your curriculum goals and how you are tailoring your class to meet your students 
needs.   
 
When I report any information from this interview, I will always use a pseudonym for both you 
and your university, and I will not get any more specific about your location than saying that you 
are a professor at a large western state university.  
 
I am estimating the interview process to take about 60 to 90 minutes. I’ll be keeping track of 
where we are in my notes, both in terms of time, and in terms of things you mention that I’d like 
to come back to. I’d like to audiotape this interview so that I don’t have to write everything 
down.  I will be the only other person to hear this tape. Is that okay with you? 
 
 I have a few interview question written down, but their purpose is to guide this interview.  We do 
not have to get through all of these questions, so feel free to elaborate as you feel necessary.   
Please answer these questions as honestly as you can.   
 
I asked the professor the following questions. 
 
Basic class questions: 
1. Tell me about the class. (How is the class going?) 
2. From the syllabus and my observations of the class, I know the topics that you covered in 
class.  What would you repeat next semester and why?  What would you improve and how 
would you improve it?   
3. How are your plans for the class for the rest of the semester going to change as a result of 
your experiences so far?  
 
Student understanding questions: 
1. Tell me some general thoughts that you have on your students. 
2. What are some of the incorrect ideas that your students may have?  
3. How are you going to help your students overcome their possible incorrect preconceptions? 
4. Describe how you could (or did) tailor your lecture/homeworks/curriculum to your students’ 
needs. 
 
Successes / Roadblocks: 
1. Is there anything that you find particularly exciting about your experiences so far? 
2. Is there anything that you find frustrating related to your experiences so far? 
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APPENDIX L 
 
Topic-Based Coding Scheme 
 
The last column indicates the codes that used to pull the natural and anthropogenic climate 
change data. 
 
ID 
A, F, 
B Code 
Used to Pull Natural and 
Anthropogenic Data? 
1 B Climate change topics   
1a B Carbon Cycle 
Yes – because the information 
that I coded  as carbon cycle 
informs the process of climate 
change 
1.a.i B Fossil Fuel Burning 
Yes – FF were particularly 
helpful in student understanding 
of anthropogenic cc 
1.a.ii B CO2 
Yes – informed students about 
cc in general 
1.a.iii B Deforestation/land use 
Yes – deforestation helped 
students understand 
anthropogenic cc 
1.a.iv B Short term carbon cycle 
No – I didn’t include this and the 
subcodes because quotations 
with these codes were mostly the 
process of cycling carbon short 
term.  
1.a.iv.A B Photosynthesis No 
1.a.iv.b B respiration No 
1.a.iv.C B Decomposition No 
1.a.v B Long term carbon cycle Yes 
1.a.vi  Plants and CO2 level Yes 
1.a.vii  Rate of change Yes 
1.b B Feedbacks  
1.b.i B Ice/Albedo feedback loop No 
1.b.ii B 
Methane/Permafrost feedback 
loop 
No 
1.b.iii B Water vapor feedback loop No 
1.b.vi B Cloud/Reflectivity feedback loop No 
1.b.v B Temp/IR feedback loop No 
1.b.vi B +/- Feedback Loops No 
1.b.vii B Sea-ice-ocean heat flux feedback No 
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ID 
A, F, 
B Code 
Used to Pull Natural and 
Anthropogenic Data? 
1.b.viii B Plant feedback loops No 
1.c B Greenhouse effect  
1.c.i B Process No 
1.c.ii B Greenhouse gases No 
1.c.iii F Albedo No 
1.c.iv A Enhanced ghe 
Yes – included this one because 
often anthropogenic cc was 
informed by the enhanced ghe 
1.c.v A Earth’s energy balance No 
1.d B Natural vs. anthropogenic 
Yes – of course this is the topic 
of focus 
1.d.i B Gaia hypothesis Yes  
1.d.ii B Interglacials/glacials Yes 
1.e B Ozone No 
1.e.i B Stratospheric/Ozone hole No 
1.e.ii B Tropospheric/greenhouse gas No 
1.f B 
Student prior knowledge (that can 
confound learning?) 
No 
1.f.i A Florida No 
1.f.ii A Ecology No 
1.f.iii A Invasive species No 
1.f.iv B Decomposing trash No 
1.f.v A Miami No 
1.f.vi A Recycling No 
1.f.vii A Day after tomorrow movie No 
1.f.v A 
Confusion of terms (including 
definition of terms) 
No 
1.f.vi A Pollution No 
1.f.vii A Overpopulation No 
1.f.vii A Trash pile in the ocean No 
1.f.vii A From Parents No 
1.f.vii A Big Picture No 
1.g F Additional Topics No 
1.g.i F Seasons No 
1.g.ii B Weather and Climate No 
1.g.iii B El Nino No 
1.g.iv F Cryosphere No 
1.g.v B Ice melting No 
1.g.vi B Sea Level Rise No 
1.g.vii A Salinity No 
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ID 
A, F, 
B Code 
Used to Pull Natural and 
Anthropogenic Data? 
1.g.vii A Clouds of contrails No 
1.g.viii A Atmospheric Circulation No 
1.g.ix A Ocean Circulation No 
2 A 
In- class attention getters - Things 
that stick with the students 
No 
2.a A Student-driven No 
2.a.i A Prior interest/knowledge No 
2.a.ii A Shockvalue No 
2.a.iii A List No 
2.a.iv A Ah ha moment No 
2.b B 
Teacher driven (Teaching 
strategies) 
No 
2.b.i B Clickers No 
2.b.ii B Activities/Diagrams No 
2.b.iii B Pictures No 
2.b.iv B In-class discussions No 
2.b.v B Lecture and Slides No 
2.b.vi B Animations No 
2.b.vii B Movies No 
2.b.viii A Repetition No 
2.B.IX B Board drawing No 
2.b.x A Guest lecturer No 
3 A Climate change skepticism Yes 
3.a A 
Small temperature change, but 
big impact 
No 
3.b A 
Why people think that climate 
change isn’t happening. 
Yes – thought that there would 
be some information here about 
students constructively thinking 
about why climate change is 
anthropogenic. 
4 A Students’ background No 
4.a A Interest in science and ATOC No 
4.b A Science and ATOC Background No 
4.c A Study style/Study skills. No 
4.d A 
Students does not know what she 
doesn’t know 
No 
4.e A Why took ATOC No 
4.f A Major selection No 
4.g A 
Test (how the student did on the 
test; what they thought of the test) 
No 
4.h A ATOC 1070 No 
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ID 
A, F, 
B Code 
Used to Pull Natural and 
Anthropogenic Data? 
4.i A Activism No 
4.j A Other ATOC 1060 No 
5 F Kim's comments on slides  No 
5.a F Too fast No 
5.b F Too wordy No 
6 F Misconceptions No 
6.a F 
Misconception: Sun radiates 
primarily in the UV 
No 
6.b F 
Misconception: Nitrogen is a 
greenhouse gas 
No 
6.c B 
Misconception: ozone hole 
(ozone reduction causes an 
increase in global temperature) 
No 
6.d F 
Misconception – all ice melting 
creates slr 
No 
6.e F Misconception ice age No 
6.f F 
Misconception: Co2 instead of 
carbon 
No 
6.g F Misconception: land use No 
6.h B Misconception: greenhouse No 
6.i B 
Misconception: melting 
permafrost 
No 
6.j B Misconception: terminology No 
6.k B Reflect - possible misconception No 
6.l A 
Misconception: melting of ice 
leads to more water vapor 
No 
6.m A 
Misconception: trash washed 
from land to the ocean 
No 
6.k A 
Misconception: impact of 
contrails on climate 
No 
7 A 
Climate Change Factors 
(General) 
No 
7.a A Definition of climate change 
Yes – some students confused 
the definition of climate change 
which could lead to confusion 
that “climate change” is 
anthropogenic. 
7.b A Causes of climate change 
Yes – Could include reasons for 
natural and anthropogenic 
climate change. 
7.c  Effects No 
7.c.i A Consequences of global warming No 
  Appendix L – Topic-Based Coding Scheme 
243 
 
ID 
A, F, 
B Code 
Used to Pull Natural and 
Anthropogenic Data? 
7.c.ii F Climate change impacts No 
7.c.ii.A A Acidic Ocean No 
7.d  Solutions No 
7.d.i A Solutions to climate change Yes 
7.d.ii F climate change solutions 
No – didn’t include because this 
is a field note code. 
7.e A Climate change mechanism Yes 
7.f F Current climate change No 
7.g F climate change uncertainty No 
7.h F Climate Change Research No 
7.h.i F Models No 
7.h.ii F Nature of Science No 
8 F Past Climate Change No 
8.a F Paleoclimate No 
8.a.i A Pink skies Yes 
8.b F Milankovitch No 
8.c F Paleoclimate feedback hypotheses No 
8.c.i  Rock weathering FLB Yes 
8.d F Past climate  No 
9 F Focus Students No 
9.a F Chris No 
9.b F Austa No 
9.c F Charlotte No 
9.d F Lauren No 
9.e F Lance No 
 
Column 2 indicates where the code emerged. 
A = Activity Log 
F= Field Notes  
B= Both 
 
Quick Summary: Codes used to carve out natural and anthropogenic data. 
 
1a Carbon Cycle 
1.a.i Fossil Fuel Burning 
1.a.ii CO2 
1.a.iii Deforestation/Land use 
1.a.v Long term carbon cycle 
1.a.vi Plants and CO2 level 
1.a.vii Rate of Change 
1.c.iv Enhanced ghe 
1.d Natural vs. anthropogenic 
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1.d.i Gaia Hypothesis 
1.d.ii Interglacials/glacial 
3 Climate change skepticism 
3.b Why people think that climate change isn’t happening 
7.a Definition of climate change 
7.b Causes of climate change 
7.d.i Solutions to climate change  
7.e Climate change mechanism 
8.a.i Pink Skies 
8.c.i Rock weathering FBL. 
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APPENDIX M 
 
Final Codebook 
 
Category/Cluster: Student level of confidence  
 
# Code Name Code Description Example 
A.1 
 
confident Student displays confidence about an idea or 
piece of information.  Students uses the 
words “I know” and “I understand”.  
Student displays confidence about their statement by 
stating that they recently looked it up in a book.  
Student displays confidence to describe their ideas by 
seeming excited about the content of the question. 
A.2 struggle Student struggles to explain a topic but does 
not explicitly say “I don’t know”.   
 
The student attempts to explain the topic as if they would 
be able to, but stumbles over their explanations and 
displays a little bit of frustration such as sighing and 
saying “um” a lot.  Student’s explanation contains a lot of 
pauses and explanation is jumbled or is fragmented.  
A.3 Admits 
confusion 
 Student explicitly states that they are 
confused about a topic. 
Student explicitly states that they are “not sure”, “don’t 
know”, “don’t understand”, “are confused”, are 
“uncertain” or have a “blank spot” on a topic. 
A.4 Items struggle 
 
Student identifies aspects of climate change 
where they struggle.  Student responds to 
the question, “What are some things about 
climate change that do not make sense to 
you?” or” What climate change concepts 
would you like to learn more about?” with a 
list of items. 
This code highlights student’s 
metacognition, where the student reflects on 
what they do not know.  This code will not 
be used when the student is explaining a 
process. 
Student explains that they would like to learn more about 
how deforestation impacts albedo.     
2
4
5
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Category/Cluster:  Student levels of climate change certainty  
 
# Code Name Code Description Example  
B.1 Certain human 
caused 
Student expresses certainty human 
caused climate change is occurring. 
Student states that they now understand why climate change 
is human caused in response when comparing their current 
idea to the ideas that they had in a past interview.   
B.2 Uncertain 
human caused 
Student expresses uncertainty or doubt 
that climate change is human caused. 
 
Student poses the question: why isn’t climate change simply 
natural? 
B.3 Uncertain 
happening 
Student expresses uncertainty that 
climate change is happening. 
Student states that there is no real fact of proof that climate 
change is happening. 
 
  
2
4
6
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Category/Cluster:  General descriptors of climate change  
 
# Code Name Code Description Example  
C.1 Definition Student defines climate change as change 
in average global temperature or 
warming of the planet.  Code is used 
when the student defines climate change 
in the present (as opposed to a future 
outcome of climate change).  This 
usually occurs at the beginning of the 
climate change questions in the 
interview.   
In response to the question, “tell me some of the things you 
know about climate change” student states that the temperature 
is increasing or the planet is warming. 
C.2 CO2 
correlates 
with 
temperature 
Student states or implies that increases in 
average global temperature coincides 
with an increase in atmospheric CO2 
concentration.  No detailed explanation is 
needed, just a mention of this correlation. 
 
Student states that the average global temperature of the Earth 
correlates to the amount of CO2 and other greenhouse gases in 
the atmosphere.    
Student states that more CO2 and greenhouse gases corresponds 
with higher temperature. 
C.3 Too broad Student conflates the definition of 
climate change by including 
environmental issues and conservation in 
their explanation of climate change.  
These ideas are inaccurate and 
unnecessary.  
The student states that human-caused climate change includes: 
overfishing, disruption of animal migration patterns, damming 
rivers, trash pile in the middle of the ocean, changes in 
biodiversity, changes in salinity in the ocean 
C.4 Weather 
different 
The student states that there is a 
difference between climate change and 
weather events.   
Student says that people think that climate change isn’t 
happening because of differences in the weather. 
Student states that climate change cannot be experienced day-
to-day because it occurs over a long period of time.  Student 
states that climate change is not a change in the weather. 
C.5 Weather 
same 
The student implies that climate change 
is the same as weather events. 
Student refers to weather when asked about climate change.  
Student says that they know that climate change has occurred 
because the weather has changed since they were young. 
2
4
7
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Category/Cluster:  Students’ thoughts on the differences between the definitions of “Climate Change” or “Global Warming” 
 
# Code Name Code Description Example  
D.1 Cc natural only Student describes “climate change” as 
being caused by only natural forcings 
and considers the anthropogenic portions 
of climate change, “global warming.”  
Student defines “climate change” as the changing of the 
Earth’s climate naturally (possibly inaccurate). 
Student defines “global warming” as the changing of the 
Earth’s climate due to humans. 
 
Category/Cluster: Major cause of confusion: water vapor 
 
# Code Name Code Description Example 
E.1 Water vapor The student mentions water vapor. 
 
 
Student states that there is a higher concentration of water 
vapor in the atmosphere than CO2 and therefore we shouldn’t 
be worried because water vapor is natural (not necessarily 
accurate). 
Student says that water vapor is a more important greenhouse 
gas than carbon dioxide. 
 
Category/Cluster:  Student ideas of natural causes climate change 
 
# Code Name Code Description Example  
F.1 Natural 
causes  
Student lists or describes one or more 
natural environmental factor(s) that 
causes(s) climate change. 
Student states that one or more of the following naturally 
impact climate: volcanoes, Milankovitch cycles, incoming 
solar radiation.   
F.2 Carbon 
sequestration 
Student states that carbon sequestration 
cools the planet.   
In the past, CO2/carbon trapped in organic material cooled 
the planet. 
F.3 Natural 
accumulation 
of CO2 
Student states that erosion is a natural 
process that promotes the accumulation 
of greenhouse gases in the atmosphere. 
Student states that greenhouse gases, such as carbon, are 
accumulating naturally in the atmosphere by the breaking 
down of sediment, the erosion of sediment, or rock 
weathering.  
 
  
2
4
8
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Category/Cluster: Student Ideas of Human Causes of Climate Change 
 
# Code Name Code Description Example  
G.1 Additional 
CO2 anth 
 
Student states that climate change is due 
to the anthropogenic release of CO2 or 
other greenhouse gases. 
This is a general description that human 
caused climate change is occurring. 
Use this code when the student explicitly 
states that additional CO2 in the 
atmosphere is human caused. 
The student states that climate change or global warming is 
caused by the additional or excess CO2 and other 
greenhouse gases in the atmosphere. 
The student describes how the humans are enhancing the 
greenhouse effect, causing climate change. 
G.2 Fossil fuels Student attributes climate change to fossil 
fuel burning. 
The student states that fossil fuel burning releases carbon in 
the form of CO2.  
The student states that carbon was stored/compacted a long 
time ago and now is released in fossil fuel burning. 
The student states that fossil fuel burning includes driving 
cars and electricity generation.  
G.3 Deforestation 
causes cc 
Any description how deforestation 
increases the amount of CO2 in the 
atmosphere, but not including discussion 
of albedo.  This DOES NOT include just 
the student mentioning deforestation 
without explanation. 
The student states that deforestation causes climate change 
because it reduces a carbon sink/reservoir or a carbon 
absorber. 
The student attributes climate change to deforestation. 
G.4 Deforestation 
albedo 
Student states deforestation changes the 
albedo, which increases the temperature. 
The student states that deforestation changes the albedo, 
leading to climate change (in some cases, not necessarily 
accurate). 
G.5 pollution Student uses vague terms, when 
explaining the cause of climate change. 
The student states that humans cause climate change 
because of pollution, industrial and agricultural “things”.  
 
  
2
4
9
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Category/Cluster:  Student ideas of the past outcomes of climate change 
 
# Code Name Code Description Example  
H.1 Past cc natural Student describes how climate change 
occurred in the past. 
 
Student states that the Earth’s climate has changed in the 
past, naturally and independent of any human intervention.   
Student describes that the glacial and interglacial (cycles) are 
evidence that the Earth’s climate changes naturally. 
H.2 Long time  The student states that climate change is 
gradual.  The student states that climate 
change takes/will take a long time or 
took a long time in the past. 
The student states or describes the following: 
The natural process of removing CO2 from the atmosphere 
takes a long time.   
Creation of fossil fuels takes a long time. 
Climate change that occurred in the past before humans was 
very gradual. 
 
Category/Cluster:  Student ideas of the current outcomes of climate change 
 
# Code Name Code Description Example  
I.1 Gaia The Earth will regulate itself naturally. The student states that the Earth naturally regulates itself 
because there are negative feedbacks built into the Earth 
system. 
The student refers to Gaia.  
I.2 Speeding up Student states that climate change is 
natural and humans are speeding it up 
the rate of climate change by our 
actions.   
Student states that the increase of the rate of release of CO2 
into the atmosphere by burning fossil fuels and deforestation 
speeds up climate change. 
 
  
2
5
0
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Category/Cluster:  Student ideas of the future outcomes of climate change 
 
# Code Name Code Description Example  
J.1 cool Student states that climate change will 
lead cooler temperatures in the future. 
Student uses the term “ice age” to 
describe an outcome of future climate 
change. (This does not include using 
“ice age” to describe past climate 
change.) 
Student states that climate change leads to another ice age by 
the shutting down of the thermohaline circulation.   
Student states that climate change will lead to another ice 
age. 
J.2 warm Student states that climate change will 
lead warmer temperatures in the future.  
The difference between this and 
“definition” code is that this code 
implies consequence, thus future 
temperature increases. 
Student states that human-caused climate change will 
eventually cause temperatures to increase. 
Student states that climate change leads to “global warming”. 
J.3 World end  The student implies that in the future, 
humans will become extinct. 
This include the statement that the 
“world will end.” 
 
 
The student states that eventually the world will end due to 
climate change, even naturally, just like the dinosaurs were 
killed by an overabundance of carbon (not necessarily 
accurate).   
The student states that human activities will cause the world 
to end. 
 
  
2
5
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Category/Cluster:  Codes that differentiate whether the student is talking about anthropogenic vs. natural climate change. 
 
# Code Name Code Description Example  
K.1 Humans Student describes reasons that climate 
change is anthropogenic. 
Student uses the following key words 
when describing a climate change 
process: anthropogenic, human, 
industrial revolution.   
Student uses words to describe causes of 
climate change that are undeniably 
human-casued, specifically industry, 
automobile-related, and power plant-
related. 
Student uses the word “we” or “us”, 
implying that humans are doing 
something to change the climate.  
Student uses the word “you”, implying 
that humans are doing something to 
change the climate. 
 
Students states, “We are burning fossil fuels.” 
Student says, “Climate change is caused by cars.” 
K.2 natural Student explicitly states that a process is 
or causes natural climate change.   
This does not include students’ 
descriptions of the plants absorbing CO2 
from the atmosphere. 
Student states that the glacial and interglacial cycles show 
that the Earth’s climate changed naturally in the past. 
 
  
2
5
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Category/Cluster:  Codes to separate out quotes for separate analysis. 
 
# Code Name Code Description Example  
L.1 Hypothetical Student’s response to the question, 
“Some people think that climate change 
isn’t happening.  Why do you think they 
think that?”  The purpose of this code is 
to carve out these quotations for a 
separate analysis.  This doesn’t include 
follow up questions that where the 
student describes what they would tell a 
person to convince them that climate 
change is happening.  It does include 
follow-up questions that ask the student 
to elaborate on their thoughts and 
reasoning from their original answer. 
Student states that people confuse climate with weather due 
to weather events such as snow in the spring.  These people 
think that climate change isn’t happening.   
Student says that people joke about climate change not 
happening, such as “it’s so cold, I could use some global 
warming right now.” 
 
2
5
3
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APPENDIX N 
Chris’ Concept Maps 
 
 
Interview 1: Feb. 9, 2010
Included 
pollution as 
cause of global 
warming.
Stated that polar 
ice cap melting 
causes either 
global warming or 
new ice age.
Discussion:
 Did not mention 
natural climate 
change.
 Used 
“pollution” to 
describe cause.
 Weak 
understanding.
Interview 2: Mar. 2, 2010
Left side: 
natural 
climate 
change 
mechanisms.
Right side: 
human caused 
climate 
change 
mechanisms.
Discussion:
 Did not 
mention 
natural 
climate 
change.
 Used vague 
description of 
fossil fuels’ 
impact.
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Interview 3: Mar. 19, 2010
Discussion:
 Had 
knowledge of 
natural climate 
change. 
 Constructed 
definitions 
based on 
division of 
natural and 
anthropogenic.
 Stated humans 
are “speeding 
up” natural 
climate 
change.
Named 
paleoclimate, 
“past global 
warming”.
Interview 4: Apr. 29, 2010
Discussion:
 Solidified 
his 
definitions.
“Climate change is the 
natural occurring effect 
of the Earth’s um 
temperature, and 
Earth’s temperature 
and weathering over 
the course of millions 
of years.  Thus going 
through a cycle of 
warming and cooling 
caused by certain 
variables within the 
weathering, within the 
everything such as the 
greenhouse effect and 
the carbon cycle.”
“Global warming, 
obviously the warming 
of the entire globe.  It’s 
been proven by 
scientists that it’s 
increased about one 
degree Celsius which 
is a lot for the entire 
globe.  It is a man 
made, I mean like I 
said, it’s a man-made 
process because 
we’ve enhanced 
climate change.”
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Keystone Lesson 1: The Greenhouse Effect 
 
Overview: 
Much research has been done to identify possible incorrect ideas about the greenhouse 
effect (McCaffrey and Buhr, 2008).  The research concludes that many of the researched 
students do not understand the difference between incoming short wave radiation and 
outgoing long wave radiation and the concept of selective absorption.  This may be 
prevalent in college classrooms, including ATOC 1060.  Professors using this keystone 
lesson will pre-assess students’ understanding of the greenhouse effect and use teaching 
activities that promotes student-professor interaction.  This lesson uses 3 teaching 
methods to discuss greenhouse effect concepts, including computer simulation, 
computation, and presentation.  To fully understand the greenhouse effect, students need 
to understand the following concepts: types of wavelengths of radiation, black bodies, 
absorption spectrum, solar constant, and rotations and vibrations of greenhouse gas 
molecules.  These topics are covered in Chapter 3 of “The Earth System”. 
 
Possible Preconceived Notions: 
 Students need to know the difference between short and long wave radiation in order 
to understand the process of the greenhouse effect .  A lack of understanding could lead 
to incorrect ideas such as “The sun’s energy reflects off the surface of the Earth.” 
(McCaffrey and Buhr, 2008).  Gautier et al. (2006) found that “long wage radiative 
processes did not appear to play any part in students’ models of the greenhouse effect.”    
 Rebich and Gautier (2005) found that some students believe that the greenhouse is 
“bad” for the environment and is similar to global warming.  To appropriately 
understand climate science, students need to know that the greenhouse effect keeps 
Earth at a livable temperature, and is not necessarily “bad”.  The “greenhouse effect 
allows liquid water and life to exist on Earth, but human activities are "enhancing" the 
greenhouse effect” (McCaffrey and Buhr, 2008). 
 
  
Possible Preconcieved 
Notions 
•GHG absorb 
incoming light 
from the sun. 
•GHE is the 
same as global 
warming. 
Lesson Goals  
• GHE is caused by 
GHG molecules 
absorbing IR . 
Lesson Activities 
• Computer 
simulation. 
• Lectures. 
• Homework. 
Learning Achieved 
• Performane on Mid-
Term indicates 
students understand 
connections 
between Wien’s law, 
electromagnetic 
spectrum, blackbody 
radiation, and 
selective absorption. 
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Learning Objectives:  
Content Knowledge 
 The student will learn that greenhouse gas molecules (including carbon dioxide, 
methane, nitrous oxide, ozone, CFCs, and water vapor) selectively absorb outgoing 
longwave radiation from the Earth, but do not absorb incoming shortwave radiation 
from the sun. 
 The student will understand concepts such as electromagnetic radiation/spectrum, 
wavelength, frequency, solar flux, the Inverse Square Law, blackbody radiation, Wien’s 
Law, Stefan-Boltzmann’s Law, planetary energy balance, greenhouse gasses, 
atmospheric composition, heat transfer, greenhouse gasses, selective absorption, and 
radiation in the atmosphere. 
 
Skills 
 Students will utilize math skills in to calculate the value of the greenhouse effect on 
Earth, Mars, and Venus.  (Homework 1.) 
 
Assessments: 
 Pre-assessment: The Greenhouse effect pre-assessment, questions taken from Gautier 
et al. (2006). 
 Formative assessment: PHET Greenhouse Effect Simulation Worksheet. 
 Homework 1: Radiation and the Greenhouse Effect. 
 Summative Assessments: Sample exam questions from Mid-term and Final. 
 
Lesson Plans  
“Day” column indicates the day that the lesson was taught during ATOC 1060 Summer 2009.  
The class period lasted 95 minutes. Many of these lessons were taught in conjunction with 
other activities and therefore do not take up the entire class period.  Professor should adjust 
the lessons to fit into their class schedule.   
Day Lesson Rationale 
Day 
3 
Pre-assessment for GHE (15 min) 
 The day before the greenhouse effect topic, 
the professor will administer a pre-
assessment.   
 The purpose of the pre-assessment is to 
determine students’ prior knowledge.   
 
The pre-assessment can be 
used to capture students 
preconceptions of the 
greenhouse effect.  If the 
processor identified incorrect 
ideas when evaluating the pre-
assessment, he or she can 
target specific explanations 
that debunk students’ 
incorrect preconceptions.  The 
pre-assessment can be used as 
data when comparing 
students’ conceptions before 
and after the lesson.   
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Day Lesson Rationale 
Day 
4  
Admin (2 min) 
 The professor thanks students for responses 
to GHE Pre-assessment.  Students will not get 
pre-assessment returned to them, but it is 
worth participation points. 
 
Lesson Presentation Greenhouse Effect (25-30 
min) 
 The professor discusses concepts such as 
electromagnetic radiation and wave during a 
PowerPoint presentation. 
 
 
Day 
5 
Set – up (prior to class) (30 min) 
 The professor prepares photocopies of GHE 
PHET activity. 
 The professor reserves computer lab and test 
the simulation program. 
 
The Greenhouse Effect PHET activity (30 min) 
 The entire class moves to computer lab.  
Students get in groups of 2 and download and 
open the “Greenhouse Effect” PHET 
simulation from www.phet.Colorado.edu. 
 The professor hands out the PHET worksheet. 
 The students utilize the simulation to answer 
the questions on the worksheet.   The 
professor rotates from group to group 
ensuring students are on the right track and 
answering questions.  The professor can pose 
questions to groups to see if they understand 
the concepts, and make necessary corrections 
referring to the simulation as needed.  
 The students hand in the worksheet when 
they are finished.   
 
The PHET greenhouse effect 
simulation is a computer 
simulation developed to help 
students conceptualize the 
abstract concept of selective 
absorption.  Students witness 
shortwave visible photons 
from the sun passing through 
the atmosphere, and see the 
trapping of longware infrared 
photons by the greenhouse gas 
molecules in the atmosphere, 
increasing the temperature of 
the Earth.  As students 
complete the activity, the 
professor should talk to each 
student to ensure 
understanding of the concepts.  
This way the professor can 
address any incorrect notions 
that the student may have 
immediately.   This 
combination of professor input 
and simulation should help 
students understand the 
greenhouse effect.  The 
question on the worksheet 
make students think and 
manipulate the simulation 
because the questions are 
open-ended.   
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Day Lesson Rationale 
Lesson Presentation Greenhouse Effect (25-30 
min) 
 Student move back to the classroom when 
they are finished with the simulation.  The 
professor gives a PowerPoint presentation to 
reiterate what the students learned with the 
simulation.   The professor discusses topics 
including solar flux, inverse square law, 
blackbody radiation, Wien’s law, Stefan-
Boltzmann’s law, planetary energy balance, 
calculation of the greenhouse effect, 
atmospheric composition, heat transfer, 
greenhouse gasses, and selective absorption.  
 During the presentation, the professor will 
review the material discussed on Day 4 and 
integrate the material students learned during 
the Greenhouse Effect PHET activity.  The 
lecture also covers equations required for 
homework 1.  
The PowerPoint presentation 
will reiterate some of the 
concepts the students 
discovered during the activity.  
The presentation of concepts 
such as longwave vs. 
shortwave radiation 
immediately after the activity 
solidifies the concept of 
selective absorption.  The 
schematic of the greenhouse 
effect on the PowerPoint 
presentation is another 
medium in which the concept 
is presented.  Presenting the 
concept in multiple ways 
addresses the different needs 
of students associated with 
their individual learning styles.  
Day 
6 
Lesson Presentation Greenhouse Effect (15 
min) 
 Review information from yesterday. 
 The professor lectures on the final remaining 
topics of the greenhouse effect: reiterating the 
process of the greenhouse effect, greenhouse 
gases, selective absorption (reiterate different 
wavelength of radiation), and radiation in the 
atmosphere.   Lecture includes how to 
understand absorption spectrum of different 
gases.     
 
Review of the concepts will 
reinforce them.  The lecture 
activates student thinking on 
the subject, so student can 
transition into problems 
associated with the 
greenhouse effect. 
Closing: Homework 1 (20 min) 
 Prior to coming to class, students should 
attempt homework 1. 
 The professor gives students time to work on 
their homework .  Ideally, students should 
work in groups of 2.  The professor will be 
available to answer questions and rotate 
around the classroom. 
 
Giving students’ time in class 
to complete their homework 
will allow them to collaborate 
with their peers, which fosters 
problem solving and 
teamwork.  Professor is 
available to assist students if 
they get stuck on a problem.  
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Materials and Resources Needed 
 Greenhouse Effect Pre-assessment (handout). 
 PHET greenhouse effect worksheet. 
 PowerPoint Presentations: Day 4, Day 5, Day 6. 
 Overhead projector. 
 Students should bring their book and calculator to class for homework 1 (Day 6). 
 
Teaching Logistics 
 Evaluate Pre-assessment results after day 3. 
 Reserve computer lab for students to complete PHET simulation during class. 
 Later in semester, the professor should to discuss the difference between global 
warming and the greenhouse effect (done in class 21). 
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Keystone Lesson 2: Interview a “Scientist” Poster Presentation 
Overview: 
The vast majority of students in introductory atmospheric science classes are non-science 
majors.  Popular majors among the students enrolled in ATOC 1060 – Our Changing 
Environment are journalism, sociology, fine arts, and international affairs.  These students 
may have minimal experience with scientific research.  Having an understanding of 
scientific research is important because it is often referenced in the media and in 
conversations.  We often read in articles or see on television that… “Scientists have 
discovered….”.   However, without proper scientific literacy, one can only imagine HOW 
scientists make their discoveries and how they conduct their research.  A non-science 
major may never have the opportunity to understand the details associated with scientific 
research, such as fieldwork, lab work, analyzing data, and developing models.  This project 
should fill this knowledge gap, and at the same time, allow students a better understanding 
of climate science.  When students later go to their jobs, they will know what takes place in 
a science research lab and perhaps can critically understand the media on scientific 
research. 
 
I consider this part of the “Nature of Science” (NOS): how scientists conduct research and 
develop conclusions.  I developed this project to improve students’ understanding of the 
“how science is done.”  Before and after the project, I administered a “View of science” 
questionnaire see if students’ views changed.  I composed a paper on my analysis and 
findings.  Please refer to Trenbath (2009) for more information. 
Possible Preconceived Notions: 
An important push in science education is ensuring that students understand the “Nature 
of Science”, meaning the “epistemology and sociology of science, science as a way of 
knowing, or the values and beliefs inherent to scientific knowledge and its development” 
(Lenderman, 1992).  The Nature of Science includes the following seven aspects:  
a. scientific knowledge is reliable yet provisional and subject to change 
b. science is empirically based 
c. scientific knowledge is subjective 
d. theories in science are different from laws 
e. science is partly the product of human interference, creativity, and imagination 
f. science is socially and culturally embedded 
Possible Preconcieved 
Notions 
• Lack of scientific 
literacy. 
Learning Objectives 
• Observe climate 
science resaerch. 
• Practice teamwork, 
professional, and 
presentation skills.  
Lesson Activities 
• Interview a graduate 
student research in 
their lab. 
• Develop a poster 
presentation about 
their research. 
Learning Achieved 
• Improved 
understanding on 
scientific concensus 
on climate change. 
• No change in climate 
change research 
conceptulization. 
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g. science involves both observations and inference 
 
The Nature of Science involves understanding of how scientists conduct research and how 
scientific discoveries are made.  Previous studies show that students lack an understanding 
of the nature of science.  For example students with a naïve view of science may think that 
science is based only on observations.  A naïve student may believe that scientists must 
observe an atom to describe its shape.  But in the case of electrons, we are not able to 
observe their orbitals, so scientists must make inferences based on experiments and what 
they know. 
 
Overall Rationale: 
The lack of understanding of the nature of science could be due to a lack of exposure to 
scientific research.  This project addresses this, primarily by showing students how science 
is “done”.  The purpose of the project is to help students understand the process of science 
so that they understand reports made by scientists and the media.  Being able to digest 
scientific material will allow students to make informed decision in their lives.  Also, 
understanding the process of science will improve students’ worldview by giving them first 
hand viewing experience of science aspects that they may not otherwise receive.  Finally, it 
is my hope that understanding the scientific work of one graduate students’ will allow 
students to understand nature of science principles such as: 
b. science is empirically based 
e. science is partly the product of human interference, creativity, and imagination 
g. science involves both observations and inference 
  
This activity implicitly addresses the nature of science understanding by providing a 
platform for which students can view the scientific process.  The goal is that they will 
utilize their knowledge to adjust their conceptions of the nature of science based on their 
experiences.  All scientific work observed in this project relates to climate change. 
 
Learning Objectives 
Content Knowledge 
 The students will learn how scientists conduct atmospheric science or climate change 
research, through interviewing a graduate student about their research.    
 The student will learn about research conducted by other scientists by observing and 
“evaluating” their peers’ poster presentations.   
 
Skills 
 The students will practice their professionalism in terms of conducting an interview, 
preparing a poster, and giving pre-prepared presentation on the information they 
learned from the interview. 
 The students will collaborate on their work. 
 
  
  Appendix O – Climate Change Curriculum 
264 
 
Assessments  
 The students will develop a meeting plan for their interview with their graduate 
student. 
 The students will develop poster presentation based on their graduate student 
interviews and observations. 
 The students will evaluate other presentations during their “off” session.  (The groups 
will be divided into 2 back-to-back poster sessions.)  
 
Lesson Plans 
“Day” column indicates the day that the lesson was taught during ATOC 1060 Summer 2009.  
The class period lasted 95 minutes. Many of these lessons were taught in conjunction with 
other activities and therefore do not take up the entire class period.  Professor should adjust 
the lessons to fit into their class schedule.   
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Day Lesson Rationale 
Day 
1 
Warm up activity – Thinking About Science (10 
min) 
The professor gives each student has a blank sheet of 
paper.  The professor instructs the students as 
follows: 
 Write your name on your paper and divide 
the paper into four sections, perhaps by 
folding it twice, “long-ways” and “short-ways”. 
 Think of the reasons that you signed up for 
ATOC 1060.  Write 3 big picture questions 
that you want to find the answer to during 
this summer semester. 
 On one section of your paper, draw or write 
what you think about when I say the 
following: 
o Air quality  
o Ozone 
o Climate change 
o Scientific research 
o Renewable Energy (maybe) 
The professor gives the students 2 or 3 minutes to 
write their answers for each prompt.  Students may 
need to flip their papers over for all five prompts.  
The professor may choose to use 3 of the 5 prompts.  
The professor continues to instruct the students: 
 Get in groups of 2.  Share what you’ve drawn 
with your neighbor.  Compare your questions.  
The professor should explain to students that the 
reason why they did this activity is to compare their 
thoughts at the beginning of class to the ends of class.    
 
Project Introduction (10 min) 
The professor gives students the following handouts:  
1. project description  
2. list of the participating graduate students and a 
brief description of their research.   
The professor describes the project to the students 
and briefly discusses the sign up process that occurs 
the following day. 
 
This activity encourages 
student thinking about 
some of the big ideas that 
they will learn during class. 
This activates their prior 
knowledge on these topics 
and allows them to express 
this in a fun way.  This 
activity can be used as a 
pre-assessment to student 
views of science and 
environmental topics.  
From student responses, 
the professor can find out if 
their views on these 
aspects are preliminary or 
advanced. 
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Day Lesson Rationale 
Day 
2 
Group Project Sign-Up (20 min)  
 The students select the graduate student whose 
lab or research they want to visit.  They have a 
few who they are interested in working with in 
case their first choice is “full.”  There is 
approximately 4 undergrads to 1 grad. 
 The professor places sign-up sheets around the 
room (preferably taped to the wall.  Sign-up 
sheets include descriptions of the student 
research, availability, and contact information.  
Only 4 spots per graduate student. 
 The Students walk around the room and sign up.  
Students exchange phone number and set up 
meeting times with their group members. 
 
 
Day 
4 
Meeting time/meeting plan/article deadline (5 
min) 
 By this day the students contact their graduate 
student and set up a meeting time. 
 Students acquire and read a research article 
written by the graduate student that relates to 
the research the students will observe. 
 Students devise a 1-page meeting plan including 
interview question for their meeting with the 
graduate student.  Sample questions include the 
following: 
o What are your research questions? 
o May we witness how you conduct a short 
laboratory experiment? 
o How did you become interested in your 
research? 
o How will your research finding impact the 
scientific community or climate change? 
 
Students should be 
prepared to interview the 
graduate student, so a 
meeting plan ensures they 
have done the necessary 
planning and background 
research.  
“View of Science Questionnaire” Pre-Assessment 
(15 min) 
 Students take “View of Science Questionnaire.”  
 
Students take the View of 
science questionnaire 
before and after the project 
to assess the effect of the 
project and other aspects of 
the class on their 
understanding of the 
nature of climate science. 
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Day Lesson Rationale 
Model Interview (visit from Graduate student 
researcher) 60 min) 
 The professor show an example of the graduate 
student’s research on the projector screen.  The 
students read article. 
 After reading it, the students work with their 
project groups to think of question for the 
visiting graduate student.  
 The students write their questions on the board. 
 The class groups the questions in to three 
categories: personal, research specific, how the 
graduate students’ research applies to ATOC 
1060 or climate change. 
 The graduate student enters the room.  The 
professor introduces graduate student. 
 The professor ensures the graduate student’s 
presentation file is on the computer/projector. 
 The professor starts modeling the research 
process by asking the graduate student some of 
the questions on the board.   The professor may 
throw in some questions that elaborate on things 
that are interesting or need clarification. 
 The professor prompts students to continue the 
model interview process until questions are 
exhausted. 
 
Here I invite a graduate 
student to class to help me 
model the interview 
process that I would like 
the groups to follow.  This 
gives the groups a specific 
example of what I want 
them to do.  Also, the entire 
class will learn about the 
research presented by the 
visiting graduate student.    
Day 
5-15  
Interviews (90 min) 
 Students conduct interviews during the 
scheduled time with their graduate students. 
 
 
Day 
14 
In-Class Discussion and Prep Time (10 min) 
 The professor gives students time to share with 
other group members their plans for their poster 
presentations.  Students also have to work with 
their group members.   
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Day Lesson Rationale 
Day 
18  
Poster Presentations (95 min) 
Schedule 
9:15 to 9:30 (15 min) Logistics and setup 
9:30 to 10:00 (30 min) Poster presentation for Group 
1 
10:00 to 10:10 (10 min) Set-up for session 2 
10:10 to 10:40 (30 min) Poster presentation for 
Group 2 
10:40 to 10:50 (10 min) Clean-up and rearrange 
room 
 
Notes: 
When not presenting, students must circulate 
through the room and view their classmates’ 
presentations.  The class is divided so that a variety 
of research topics and styles are covered in each 
session. Students fill out peer review forms for at 
least 2 presentations during their “off” session.  
Groups must acquire peer reviews from at least 5 
reviewers.   
 
 
Day 
20  
“View of Science Questionnaire” Post-Assessment 
(15 min) 
 Student take “View of science questionnaire” to 
capture their post-project views. 
Please refer to paper by 
Trenbath (2009), 
Characterizing Students’ 
Views of the Nature of 
Climate Change Science in 
ATOC 1060: Does a 
Transformed Curriculum 
Improve Understanding?    
 
Materials and Resources Needed 
 Paragraphs describing graduate students’ research.  Graduate students’ contact 
information and availability. 
 Group sign-up sheet. 
 Project assignment sheet. 
 Model graduate student’s presentation and journal article. 
 Invite email for poster presentation session for faculty and students.  
 Project logistics email. 
 Easels and backings for posters on presentation day. 
 Food for refreshments during poster session. 
 Poster presentation evaluation rubric. 
 Peer evaluation forms. 
 Pre and post “View of Science Questionnaires”.  
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Teaching Logistics 
 According to my course evaluation, 16 out of 27students mentioned this activity as one 
of the ones they enjoyed the most. 
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Keystone Lesson 3: Your Carbon Footprint 
 
Overview: 
For homework, students use an on-line carbon footprint calculator to calculate their carbon 
footprint.  They also use the same site to calculate their “friend’s” footprint.  Their 
homework assignment requires them to compare and contrast the two for the purpose of 
identifying aspects that increase or decrease their footprint.  In class groups, students 
discuss their footprints with each other, identify ways they can reduce their individual 
footprints, and identify ways society can reduce its footprint.  This keystone lesson 
incorporates a fun activity (the on-line calculators are entertaining) with critical thinking 
on climate solutions.  Students’ invention of feasible climate solutions will show them that 
they can make a difference, and hopefully reverse “we can’t do anything about climate 
change” opinions.   
 
 
 
Possible Preconceived Notions: 
Because climate change occurs throughout a relatively long period of time, some students 
have a hard time conceptualizing its existence.  People often may not think that they are 
key contributors to climate change because they often are removed from processes that 
create carbon dioxide (electricity generation from fossil fuel power plants, beef production, 
manufacturing), yet they consume the end products of these processes.  Some also think -
that there is nothing that we can do about climate change (McCaffrey and Buhr, 2008), 
perhaps because of the difficulty in mitigating CO2 emissions despite a growing and 
industrializing world.  The idea that “global warming, if occurring, is the result of natural 
cycles we can’t do anything about”, is one of the 10 climate misconceptions hindering 
climate literacy.  (McCaffrey and Buhr, 2008) 
 
Learning Objectives:  
Content Knowledge 
 The students will learn aspects of their human lifestyle that increases the amount of 
carbon released into the atmosphere.   
 The student will collaborate with others to develop climate change solutions.    
 
Possible 
Preconcieved 
Notions 
•"I cannot do 
anything to 
stop climate 
change." 
Learning 
Objectives 
•Understand 
aspects 
(including 
personal) that 
increase CO2 
emissions. 
Lesson Activities 
•Calculate 
Carbon 
Footprint. 
•Identify carbon  
solutions . 
Learning 
Achieved 
•Knowledge of 
ways to reduce 
CO2 emissions. 
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Skills 
 The students will calculate their carbon footprint and a footprint for a comparable 
“friend”. 
 The student write a comparison among the two footprints and in doing so, critically 
think about ways to mitigate one’s footprint.   
 
Assessments  
 The student will complete a homework that involves the calculation of a carbon 
footprint for them and a friend and write an analytical comparison of the footprints. 
 
Lesson Plans 
“Day” column indicates the day that the lesson was taught during ATOC 1060 Summer 2009.  
The class period lasted 95 minutes. Many of these lessons were taught in conjunction with 
other activities and therefore do not take up the entire class period.  Professor should adjust 
the lessons to fit into their class schedule.   
Day Lesson Rationale 
Day 
14 
Assign Homework 3: Your Carbon Footprint. 
 
Homework 3 Overview: 
1. Calculate carbon footprint using on-line tools. 
2. Calculate carbon footprint of a friend. 
3. Write 1 page paper including: 
• Carbon footprints and inputs 
• Compare and contrast  
• Methods to reduce  
 
 
Day 
17 
Homework 3 Due 
 
 
Day 
20 
Carbon Footprint Discussion Activity 
 
Opening (5 min) 
 The professor hands back graded homework 3’s to 
students. 
 The professor groups the students by same 
carbon footprint calculator.  (There was a choice 
of 3 website on the homework.)  Each group 
receives three poster papers.   
 
Group Discussion (30min) 
 The professor prompts the students to share their 
carbon footprint assignment with their groups.  
The students will compare and contrast their 
footprints and discover inputs that make a 
footprint large (such as air travel) or small (such 
Students often spend time 
working individually on 
homework assignments, 
especially if the assignment 
is straightforward.  This in-
class discussion allows 
students to share their 
thoughts and discoveries 
with their classmates, 
reinforcing their ideas.   
 
In the homework and 
discussion question 2, 
students think of ways to 
reduce their carbon 
footprint.  Thinking about 
  Appendix O – Climate Change Curriculum 
272 
 
Day Lesson Rationale 
as eating local foods).    
 For the each question below, the professor poses 
the question, then the students work on the 
question and record their answer on a poster 
paper (one poster paper for each question): 
1. Write your carbon footprint and your group’s 
average.  (The students calculate their group’s 
average carbon footprint and convert to 
gigaton of carbon per year.  Some calculators 
use different units, so the conversion will allow 
group average comparisons.) 
2. What are some ways that an individual can 
reduce their carbon footprint? (The students 
discuss the answer to this question in their 
groups and then record their ideas on a poster 
paper.) 
3. What can we do on a national level to reduce 
one’s carbon footprint?  (The students discuss 
their ideas and record on the final poster 
paper) 
 
Entire Class Discussion (15 min) 
 The groups tape their completed poster paper 
around the room.  The professor encourages 
students to compare the different groups’ average 
carbon footprint.  The professor leads a class 
discussion to encourage students to think of 
reasons why one group’s average carbon footprint 
is higher or lower than the next.  The discussion 
should include the topic of calculator bias 
(different inputs, different generalizations). 
 The professor asks each group to discuss their 
answers to questions 2.   
 The professor asks each group to share their 
answers to question 3.    
  
Sample Responses to question 3 (from Summer 
2009) 
• Regulate emissions on a national level 
• Subsidize clean/green energy 
• Gov’t incentives for companies to make fuel 
efficient vehicles 
• Stop subsidizing corn 
these ideas, sharing them 
in a group, and recording 
them on paper reinforces 
students personal 
solutions. Perhaps some 
students will take action in 
their lives because of the 
commitment they make on 
paper and in class. 
 
Finally, the discussion 
extends the ideas of 
Homework 3 into the 
world.  Students 
brainstorm ways that 
societies can reduce the 
amount of carbon we emit 
to reduce the impact of 
anthropogenic climate 
change.  Here students 
work together to come up 
with national level 
solutions.  Students learn 
from each other and 
perhaps bring in idea from 
the Dire Predictions 
reading.  Students learn 
from these open 
conversations with their 
peers that climate change 
solutions exist, as long as 
society is motivated 
enough to implement them.  
When students who think 
“there is nothing we can 
do” work with their peers 
to discuss feasible 
solutions, they may change 
their minds and take 
mitigation actions in their 
own lives. 
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Day Lesson Rationale 
• Invest in public transportation 
• Higher gasoline tax 
• Cap and trade allowances on carbon dioxide 
• Increase electrical transmission efficiency 
• Install solar panels on homes 
• Mandatory recycling 
 
 Closing (10 min) 
Teacher will play the following video for students to 
watch.  
http://www.youtube.com/watch?v=mF_anaVcCXg&f
eature=PlayList&p=92EE5DBE2987982F&index=0 
In the video, the presenter discusses the risks 
associated with taking climate change mitigative 
action verses doing nothing.  
The closing video considers 
the do something 
alternatives verses the do 
nothing alternative on a 
risk matrix.  The presenter 
convinces the audience that 
the “do nothing” alternative 
will cause more (societal 
and monetary) harm than 
the “take action” 
alternative.  Even if climate 
change allegations turns 
out to be a false.  This video 
is good to show at the end 
of the lesson because it 
leaves students considering 
the alternatives that they 
developed in their above 
groups.   
 
Materials and Resources Needed 
 Supporting materials can be found in Dire Predictions. 
 Poster paper/markers/tape. 
 Homework 3. 
 Computer/projector/ you tube video. 
 
Teaching Logistics 
 According to the course evaluation, 8 out of 27 ATOC 1060 students mentioned this 
activity as one of the ones they enjoyed the most. 
 
References 
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Keystone Lesson 4: Weather vs. Climate 
 
Overview: 
In order to understand climate change, students need to know the definition of climate.  
Sometimes people think that climate is the same as weather.   They may mistakenly think 
that a change in the weather, such as a warm day in December, is climate change.  
Confusion over the definition of climate can cause confusion in many other atmospheric 
science related topics such as climate models, feedback loops, paleoclimate.  This keystone 
lesson prompts students to look at climate data and determine the difference between 
weather and climate.  The professor guides discussion that climate is the average 
temperature and precipitation of an area over a long period of time, and weather is the 
day-to-day state of the atmosphere.   
 
Possible Preconceived Notions: 
Gowda et al. (1997) identified students’ inability to differentiate between weather and 
climate among 99 high school students from Hawaii and Oklahoma.  Lack of an 
understanding of climate can lead to other misunderstandings, such as expecting climate 
change to appear in short-term weather data, or that “climate change cannot be predicted 
because it is simply long-term weather” (McCaffrey and Buhr, 2008).  McCaffrey and Buhr 
(2008) highlighted this as one of the top 10 misconceptions that climate literacy advocates 
should focus on.   
 
Learning Objectives: 
Content Knowledge 
 The students will learn how to interpret weather and climate data and differentiate 
between the two.    
 
Skills 
 The student will utilize spreadsheet software such as Microsoft Excel to produce 
graphical analyses of data. 
 The student will interpret their graphs and write a short technical document on their 
findings.   
 
  
Possible Preconcieved 
Notions 
• Weather and climate 
are the same. 
Learning Objectives 
• Weather is the day to 
day state of the 
atmosphere. 
• Climate is the 
average of T and P 
over long periods of 
time. 
Lesson Activities 
• Graphing and 
analyzing climate 
data. 
• Peer reveiw. 
• Discussing and 
defining climate and 
weather. 
Learning Achieved 
• Conceptual 
awareness. 
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Assessments  
 The student will complete a homework where they select climate data, graph it on 
Microsoft Excel, and develop a word document containing the graphs and analysis. 
 The student will interpret figures from the IPCC Summary Report (2007) as part of 
their final exam. 
 
Lesson Plans 
“Day” column indicates the day that the lesson was taught during ATOC 1060 Summer 2009.  
The class period lasted 95 minutes. Many of these lessons were taught in conjunction with 
other activities and therefore do not take up the entire class period.  Professor should adjust 
the lessons to fit into their class schedule.   
Day Lesson Rationale 
Day 
17 
Homework 4: Graphing Climate Data assigned. 
 
 
Day 
19 
Excel Tutorial (outside of class)  (2 hours) 
The professor should reserve a computer lab and 
offer an Excel Tutorial for students who need extra 
help with the program.  The tutorial is not a part of 
the regular class session because some students are 
fluent with the program. 
 
Some students may not 
know how to utilize 
Microsoft Excel.  Having an 
“open lab” session for 2 
hours gives students the 
opportunity for assistance 
when learning the 
program.  During the 
tutorial the professor can 
use sample data to teach 
students how to use the 
program and then assists 
them as they work on their 
projects.      
Day 
21 
Homework 4 Due today 
 
 
Opening (5 min) 
5 min. - Professor puts students in groups of 2.  
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Day Lesson Rationale 
Main Lesson (30 min) 
In groups of two, the students each take turns to 
discuss homework 4.   
 
Each student answers the following questions: 
 Where did you find your data? 
 Why were you interested in your data? 
 Does your data represent climate or weather 
data? Why? 
 What did you do in your analyses? (Describe 
your graph.) 
 What are trends that you identified?  (Refer to 
your graph.) 
 What are three interesting aspects that you 
concluded as a result of your analyses?  
  
 After each student describes his or her homework, 
the other student must add one additional trend or 
analysis.  In other words, the second student must 
determine what he or she thinks student 1 could do 
to improve their analysis and explaining that aspect.  
The students could elect to revise parts of the 
analysis.  The students record the additional aspects 
on the homework.  The added analysis will help, and 
not hurt, the students’ grades. 
  
 When all students are finished sharing and revising 
their homeworks, students will rotate around the 
room and share their findings from homework 4 
with three other individuals. 
Many times students 
complete their homework, 
turn it in, and get minimal 
feedback from the 
professor or teaching 
assistant.  This lesson gives 
students time to share their 
work with their peers and 
collaborate.  They will 
receive feedback from their 
peers during this sharing 
session. 
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Day Lesson Rationale 
Closing: Free-write (10 min) 
Students reflect on the difference between weather 
and climate in a free-write.  The prompts for the 
free-write are as follows: 
 What types of data can you use as indications of 
climate change?  How do you know this? 
 What types of data constitutes weather data?  
How do you know this? 
 What is the relationship between weather data 
and climate data? 
 
Overnight, the professor will read the free writes 
and provide brief, written feedback, especially if a 
student does not have the correct understanding of 
weather vs. climate.  
 
Notice how students are 
not explicitly taught the 
difference between 
weather and climate.  The 
main lesson deals with 
discussion and analysis of 
climate data.  The closing 
asks students to relate 
their specific data analysis 
activity to the “big picture” 
topic of climate vs. 
weather.  The free-write 
activates students thoughts 
on this topic.  Students are 
asked to conceptualize 
their own ideas on paper. 
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Day Lesson Rationale 
Day 
22 
Weather vs. Climate Debrief  (25 min) 
The professor returns the students’ free writes.  The 
professor leads a class discussion on the difference 
between weather and climate.  During the 
discussion, professor will record major themes that 
characterize the difference between weather and 
climate on the board.  Discussion prompts include: 
 Will somebody please share your ideas from 
your free write? 
 Can anyone add to this?  Does anyone have 
anything different? 
 Do you agree with [student X’s] synopsis of 
weather vs. climate? 
 Define the difference so together we can create 
and write a definition for weather and climate on 
the board. 
Immediate feedback is 
necessary to continue to 
learning process.  Students 
have their ideas on paper, 
and they must share with 
their classmates.  This 
activates their prior 
knowledge of the topic.  
The professor gives 
students a goal, to 
determine the definition of 
weather and climate by 
utilizing their ideas and 
experience in hw 4.  This 
discussion is meant to be a 
scientific discourse ending 
in student-determined 
definitions of weather and 
climate.   Careful professor 
facilitation is needed to  
promote argumentation 
within the class.  Students 
must be encouraged to 
state their ideas and 
constructively debate 
dissenting views.  
Professor should allow for 
argumentation, but after a 
given time, steer students 
toward the correct 
definitions.  Conceptual 
change will occur when 
students process all pieces 
of information and 
compare their 
conceptualization with 
others.   
 
 
Materials and Resources Needed 
 Supporting materials can be found in Dire Predictions. 
 Whiteboard/Markers. 
 Homework 4. 
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Teaching Logistics 
 Some students may not have had any Excel experience.  Professors should set up an 
Excel tutorial in a reserved Computer Lab for these students. 
 
References 
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change: Insights for scientists and educators. Bull. Amer. Meteor. Soc.,78, 2232–2240.  
 
McCaffrey, M. & Buhr, S. (2008). Clarifying climate confusion: Addressing systematic holes, 
cognitive gaps, and misconceptions through Climate Literacy. Physical Geography, 
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Keystone Lesson 5: The Carbon Cycle 
 
Overview: 
In order to conceptualize global warming, students need to understand the carbon cycle.  
Students may often hear reports of “excess” carbon or CO2 being released into the 
atmosphere causing major havoc on our climate system.  To fully understand this 
statement and understand climate change solutions, students need to understand where 
this carbon comes from.  Before taking a climate class, students may think that carbon acts 
similar to water and can condense into clouds and precipitate (Madsen et al., 2007).  
Students should know that carbon is and has been continuously cycled by processes 
including photosynthesis, respiration, decomposition, lithification, and combustion.  Earth’s 
creation of fossil fuels took millions of years, and now humans are combusting these 
molecules at a fast rate.  This quick release of CO2 into the atmosphere causes our climate 
concerns.  
 
Preconceptions: 
 In a pre-assessment, Madsen et al. (2007) discovered that students a lacked of 
understanding on how carbon moves between reservoirs.  Some students indicated that 
carbon moves similar to water in the water cycle such as through phase changes such as 
evaporation, condensation, and precipitation.   
 Madsen et al. (2007) also characterize an alternate conception that pollution from 
human activity disturbs the carbon cycle, as opposed to being part of the carbon cycle. 
 McCaffrey and Buhr (2008) classifies misconceptions about the carbon cycle as one of 
the ten climate confusions inhibiting climate literacy including “Carbon is destroyed 
when fossil fuels and CO2 is released into the atmosphere; carbon released from 
combustion and other human activities doesn’t have an impact on the climate system.”   
 
Learning Objectives:  
Content Knowledge 
 The students will understand the short-term carbon cycle, the long-term carbon cycle, 
and their relationship to climate.   
 
  
Preconceptions 
•Carbon 
cycle is 
similar to 
the water 
cycle. 
•Pollution 
destroys the 
carbon 
cycle. 
Learming 
Objectives 
•The long and 
short term 
carbon cycles 
involve the 
ways carbon is 
transferred 
throughout the 
globe. 
Lesson Activities 
•Interactive in-
class activities. 
•"Crude" video. 
•Lectures. 
•Homework. 
Learning Achieved 
•Understanding 
the carbon 
cycle will show 
that carbon 
released from 
fossil fuel 
burning 
promotes 
climate change. 
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Skills 
 The students will practice their presentation skills in front of their classmates during a 
short presentation.   
 
Assessments: 
 Formative Assessment: Carbon Cycle Reading Activity. 
 Homework 2. 
 Summative Assessments: Sample exam questions from Mid-term and Final. 
 
Lesson Plans 
“Day” column indicates the day that the lesson was taught during ATOC 1060 Summer 2009.  
The class period lasted 95 minutes. Many of these lessons were taught in conjunction with 
other activities and therefore do not take up the entire class period.  Professor should adjust 
the lessons to fit into their class schedule.   
Day Lesson Rationale 
Day 
9 
Warm-Up Activity: Conceptualizing  the Carbon 
Cycle2 (20 min) 
 The professor breaks students into groups.  
Students are allowed to work with whoever 
they want. 
 The professor instructs students to take 20 to 
25 minutes to discuss and write down answers 
to the following discussion questions: 
1.  What are the major natural sources and 
sinks of atmospheric carbon and how 
variable are they? 
2. What are the major human sources and 
sinks of atmospheric carbon?  
3. What are my personal sources and sinks of 
carbon.   
 While students are working on this, professor 
walks around the room, assists groups, and 
answers questions.  Students may need some 
help with identifying long term carbon sinks. 
 After students are done with their discussion, 
professor asks a volunteer (or 2) to come to the 
board.  
 The volunteers are going to draw the class’ 
answers on the board.  
 One at a time, the professor asks each group to 
This  activity promotes 
students thinking about 
sources and sinks of carbon.  
Students may experience an 
“ah ha” moment when they 
realize that after placing these 
on a schematic they just 
conceptualized the carbon 
cycle.  Since this is a warm up 
activity, students are not 
expected to know the long 
term and short term carbon 
cycles, but based on their 
collective prior knowledge the 
class should be able to come 
up with most of the things 
that impact these cycles.  This 
activity is a good warm-up 
activity because it activates 
prior knowledge, encourages 
students to learn from each 
others’ ideas, shows how their 
prior knowledge can be 
rearranged to create a 
schematic representation of 
                                                 
2 Courtesy of Darin Toohey. 
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Day Lesson Rationale 
state their answers to question 1.  As the groups 
state their ideas, the volunteers draw these on 
the board in a schematic.  After each source or 
sink stated, the professor prompts the class to 
say whether the amount is large or small.  The 
volunteers draw arrows in (source) or out 
(sink)of the atmosphere.  The size of the arrow 
depends on whether the class thinks that the 
flux is large or small.  The class does the same 
thing for questions 2 and 3 respectively. 
 After all sources and sinks of carbon are drawn 
on the board, professor tells the class that they 
have just drawn the carbon cycle.  The professor 
describes the cycle and that the size and 
direction of the arrow corresponds to carbon 
flux. 
the carbon cycle, and fosters a 
moment of realization as a 
result of the connection to the 
carbon cycle.    This warm-up 
activity presents students 
with a general overview of the 
carbon cycle topics that they 
will learn more in depth.  
Day 
10 
Carbon Cycle Overhead Activity (60 min) 
 The professor divides the class into groups of 
two.  Each group will receive two sheets of 
white paper, a permanent (or dry erase 
marker), two blank transparencies, and a packet 
of the carbon cycle reading, Chapter 4 of the 
“Climate Change” textbook.  (This was the 
reading assignment due this day and was 
available online under course reserves.)  Each 
group also receives a slip of paper with their 2 
question.  Each group has a different set of 
questions, but each question will be assigned to 
at least 2 groups.  Please see the “Carbon Cycle 
Activity Questions” for clarification.  The 
following is a list of the questions. 
1. Diagram long-term carbon cycle involving 
rocks (page 59 – 63) 
2. Diagram long-term carbon cycle involving 
plants (page 59 – 63) 
3. Draw the feedback loop involving the long-
term carbon cycle (page 63) 
4. Diagram the short-term carbon cycle (page 
64 -65) 
5. Diagram the marine biological pump (page 
65-66) 
6. Diagram the carbonate pump (page 67) 
7. Diagram the Solubility pump (page 67) 
This activity should help 
students practice their 
science comprehension and at 
the same time teach them a 
little bit about the carbon 
cycle.  During the activity, 
students become experts on a 
part of the carbon cycle.  One 
by one students teach their 
section of the chapter to the 
rest of the class using their 
transparency projected 
overhead.  Presentations will 
cover the entire chapter so all 
students will get the notes.  If 
students still have questions, 
they are able to refer back to 
the reading. 
 
The added educational value 
from conducting this activity 
is actively involving students 
in the lecture.  In many 
lectures, students sit passively 
and are expected to listen to a 
professor talk about the topic.  
In this case, the “lecture” is 
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Day Lesson Rationale 
8. Diagram the ocean acidification process 
(page 67 – 70) 
9. Diagram the possible negative 
ocean/climate feedback loop (page 70) 
10. Long-term carbon cycle involving rocks 
(page 59 – 63) 
 Each group must utilize the reading to develop 
the answers to their assigned questions.  The 
group records their answers on the white paper 
initially, and then transcribes their final version 
on the overhead transparency, utilizing 
permanent (or dry erase markers). 
 After all groups are done with the activity, each 
group will presents their diagram or feedback 
loop to the class by coming to the front of the 
room, placing their transparency on the 
overhead projector, and describing their 
diagram and corresponding process.  The 
professor should make adjustments and 
corrections as needed while the group presents.  
The professor may prompt the other groups 
with the same question to come to the front and 
describe their version for comparison purposes. 
 
divided among the students.  
Students are responsible for 
teaching a portion to the class 
and the lecture is transformed 
into an interactive and 
engaging activity.  The 
professor can guide students 
if questions arise, and acts as 
a facilitator.  The activity 
results in a non-traditional 
“class” for college students 
that encourage active 
participation, which in turn 
fosters learning.    
 Lecture (15 min) 
 The professor will lecture on some additional 
pieces of the carbon cycle using a PowerPoint 
presentation. 
Despite the students 
“teaching” the lesson, there 
are some aspects of the 
carbon cycle that are not 
covered in the reading.  The 
professor teaches this 
additional material in a 
PowerPoint presentation. 
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Day Lesson Rationale 
Day  
15  
“Crude” Video (95 min) 
 Student will watch the video, “Crude”, during 
the entire class period.  The video tracks one 
atom of carbon (depicted as a molecule of 
carbon dioxide) as is travels through geological 
time.   
 During the video, the professor writes key 
concepts from the documentary on the board.   
The documentary “Crude” 
about the formation of oil and 
how it makes up most of the 
materials and energy use of 
our lives today.  Discussed is 
geology, discovery of oil 
reservoirs, uses of oil (more 
than just fuel).  It also 
discusses environmental 
implications of emitting the 
CO2 from fossil fuels and 
relates this to life on Earth 
during “super-greenhouse” 
events.   The video 
incorporates the long-term 
carbon cycle and shows how 
the carbon is captured by 
photosynthesis into a plant, 
consumed by an animal, 
buried as sediment on the 
floor of the ocean and cooked 
for millions of years to form 
oil, and finally released back 
into the atmosphere when 
humans burn the oil. This 
gives students an all-
encompassing perspective 
and a deeper understanding 
of the carbon cycle’s 
relationship with climate 
change. 
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Day Lesson Rationale 
Day  
16 
Class discussion on “Crude” Video (30 min) 
The professor leads the class in a question and 
answer session about concepts in “Crude” Video.  
The professor covers key concepts that could be on 
the test such as: 
 Jurassic -Climate  
 Gulf of Mexico  
o Dead Zones 
o Anoxic 
 Formation of Oil 
 Best conditions for oil 
 History of use of oil 1900’s 
 How oil is integrated into many things 
 Peak oil concept 
 Oceanic anoxic events  
 Ginko plant 
 4-5 times CO2 than today 
 Cycle of supergreenhouse and back 
 Roads in China and India 
 IPCC Recommendations 
Excerpts from the “Crude” 
could be on the exam, so this 
class discussion is an 
opportunity for students to 
ask the professor for 
clarification on any of the part 
of the video.  
 
Materials and Resources Needed 
 Board and chalk/markers. 
 Carbon Cycle Reading Activity Handouts. 
 Sheets of blank paper. 
 Ch 4 Carbon Cycle readings from “Climate Change”. 
 Transparencies and Permanent Markers. 
 Transparency overhead projector. 
 PowerPoint Presentations: Day 10. 
 “Crude” Video 
 
References: 
McCaffrey, M. & Buhr, S. (2008). Clarifying climate confusion: Addressing systematic holes, 
cognitive gaps, and misconceptions through Climate Literacy. Physical Geography, 
29(6):512–528. 
 
Madsen, J., Gerhman, E., & Ford, D. (2007). How much of the science of  
climate change does the public really understand? Evaluation of university  
students’ ideas on the carbon cycle. Eos Transactions AGU, 88(52), Fall Meeting Suppl., 
Abstract ED23C-07. 
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Keystone Lesson 6: Feedback Loops 
 
Overview: 
In order to understand climate change and the Earth system, students must understand 
feedback loops.  Students may incorrectly think that negative feedback loops cause 
something to decrease and positive feedbacks cause something to increase.  The correct 
notion is that a system that has a built-in negative feedback will mitigate a perturbation 
and a positive feedback will exacerbate a perturbation.  This keystone lesson uses strategies 
such as group work, exit tickets, and lecture, to ensure students learn positive and negative 
couplings, positive and negative feedback loops, and unstable and stable equilibrium.  
These concepts apply to Earth system examples and throughout the semester.    
Possible Preconceived Notions: 
 Understanding feedback loops is critical to understanding the Earth system and all 
processes that drive climate change.  If a student does not understand feedback loops it 
will be hard for him or her to conceptualize climate change. 
 Students sometimes incorrectly consider a negative feedback as something that causes 
a decrease and a positive feedback as something that causes an increase.  Instead, a 
negative feedback mitigates the effects of a perturbation and a positive feedback 
enhances the effect of a perturbation.  With either feedback, the effect could be 
increasing or decreasing.   
 Gowda et al. (1997) and McCaffrey and Buhr (2008) both report that students do not 
understand the possibility of exponential increases or decreases as a result of 
feedbacks.  Student may incorrectly think, “The atmosphere is large and small amounts 
of CO2 can’t change the climate” (McCaffrey and Buhr, 2008).  The correct conception is 
“small changes (atmospheric composition of temperature increase) can have a large 
and non-linear effect.   
 
Learning Objectives: 
Content Knowledge 
 The students will understand the following: Positive coupling, negative coupling, 
positive feedback loop, negative feedback loop, stable equilibrium, unstable 
equilibrium, perturbation, and forcing. 
Possible Preconcieved 
Notions 
• The Earth System is 
linear. 
Learning Objectives 
• Students understand 
how feedbacks and 
apply to the climate 
system. 
Lesson Activities 
• Drawing multiple 
feedback loops. 
• Lectures. 
• Quick feedback. 
Learning Achieved 
• Sucessful 
descriptions of 
feedback loops, 
including the ice-
albedo feedback. 
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 The students will be able to identify the type of feedback loop by looking at the coupling 
included in the loop. 
 
Skills Knowledge 
 The students will be able to define and draw feedback loops that relate to the Earth 
system, such as the ice-albedo feedback loop. 
 
Assessments: 
 Formative assessment: Exit ticket – draw the ice-albedo feedback loop. 
 Formative assessment: Carbon cycle activity, including feedback loops. 
 Summative assessment: Mid-term question #21. 
 
Lesson Plans 
“Day” column indicates the day that the lesson was taught during ATOC 1060 Summer 2009.  
The class period lasted 95 minutes. Many of these lessons were taught in conjunction with 
other activities and therefore do not take up the entire class period.  Professor should adjust 
the lessons to fit into their class schedule.   
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Day Lesson Rationale 
Day 
2 
Opening Activity (20 min) 
 The professor groups students with their 
project group members and designates a 
space on the board for each group.  
 The professor gives the following 
instructions to the students:  
o Think of a positive and a negative 
feedback loop that you’ve 
experience in your life.   
o Draw this on the board.   
o Add positive and negative 
couplings to your scenario. 
 The professor rotates from group to group 
evaluating an assisting as needed. 
 The professor selects 3 groups who will 
present to their feedback loop to the class.   
When selecting the groups, the professor 
should make sure the feedback loops are 
correct. 
 All students sit at their desks.  One by one the 
selected groups discuss their feedback loop. 
 The professor asks class to define the 
following:  
o Positive Feedback (2 negatives 
make a positive/amplify effects)  
o Negative Feedback (Odd number 
of couplings make a negative/ 
diminish effects) 
 The professor edits or corrects definitions as 
needed. 
 
Students read Chapter 2 of The 
Earth System prior to class.  This 
activity asks students to recall 
information from Chapter 2 and 
apply it to a scenario.  The 
activity activates student 
thinking on the concepts of 
feedback and couplings before 
the definitions are presented 
during the lecture. 
 
 
 
Lesson Presentation - Positive and Negative 
Feedbacks (40 min) 
 The professor presents a lecture on positive 
and negative couplings and feedbacks using 
the PowerPoint presentation.  
 In the lecture, the professor connects the 
warm-up activity with climate and Earth 
system couplings and feedback loops.  
(Reinforce definitions.) 
 
The lecture focuses on clarifying 
definitions and applying them to 
climate feedback loops.  Students 
should be engaged in the aspects 
of feedback loops because the 
opening activity stages their 
thoughts on feedbacks. 
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Day Lesson Rationale 
Closing: Exit Ticket (10 min) 
 The professor gives each student a ½ sheet 
of paper.  Then, the professor gives the entire 
class the following instructions for their exit 
ticket:  
o Draw a feedback loop that exists in 
the environment. 
o Is it in unstable or stable equilibrium?  
(The students will need to use 
knowledge from the reading – The 
Earth System Chapter 2, to answer 
this question because equilibrium is 
not discussed this day.) 
 
The exit ticket activity is a 
formative assessment of the 
students’ ability to understand 
feedback loops.  Students apply 
what they hear in the lecture.  
The repetition of feedback loop 
examples and exercises will help 
students remember what they 
are and mean. 
Day 
3 
Opening Activity (15 minutes) 
 Overnight, the professor corrects and 
comments on the exit tickets.   
 The professor returns exit tickets and 
comments on the class’ general performance.   
 The professor prompts students to compare 
their exit tickets with their neighbor. 
 The professor discusses some examples if 
necessary, especially if some students need 
clarification.  The professor explains that the 
purpose of the exercise is to help students on 
the test.    
 
 
Immediate feedback on students’ 
exit tickets is important to foster 
solidification (if correct) or 
adjustment (if incorrect) of their 
conceptions of climate feedback 
loops.  The students receive 
three types of feedback on their 
exit ticket: written feedback on 
the ticket, verbal feedback from 
their peers, and general verbal 
feedback from their instructors.  
Again, repetition will teach 
whether their conceptions are 
right or need corrected. 
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Day Lesson Rationale 
Equilibrium activity (Play Dough) (15 min) 
 The professor divides the class into groups of 
three.  The professor gives each group a 
canister of Play Dough.   
 The professor instructs the students to 
utilize the Play Dough to build an example of: 
o Unstable equilibrium 
o Stable equilibrium 
 After the groups are finished, the professor 
will ask group the share their examples and 
why develop these scenarios.   
 
 
The Play Dough asks the 
students to think abstractly 
about the concepts of stable and 
unstable equilibrium.  Examples 
of stable:  a ball resting on the 
counter.  Example of unstable: a 
cube resting on the top of a 
mountain.  If an outside force 
disrupts the cube in unstable 
equilibrium, it will fall for a long 
way off the mountain, as 
opposed to the same for applied 
to the cube in stable equilibrium, 
which may not move the cube at 
all. 
Lesson Presentation – Equilibrium (30 min+) 
 The professor lectures on the equilibrium 
and the Daisyworld example utilizing the 
PowerPoint presentation. 
 
The professor clarifies 
equilibrium through the lecture.  
Again, the previous 2 activities 
should activate students’ 
thinking so that they will be able 
to constructively think about the 
material in the presentation.  
Earth: The Biography Video (23 min+) 
 The professor will play specifically selected 
excerpts from Earth: The Biography.  This 
includes 
o Ice - Ice Revolution (last part) 7:06 
min 
o Ice - Melting Point 7:30 min 
o Atmosphere -Methane 7:30 min 
Earth: The Biography is a BBC 
video that highlights basic 
atmospheric and climate 
material.  The video helps 
students integrate their 
knowledge about feedbacks and 
equilibrium into their 
understanding of the Earth 
system.   
 
Closing: Exit Ticket (7 min) 
 The professor gives the students a ½ sheet of 
blank paper and instructs students as 
follows: 
o Draw the feedback loop associated 
with the methane clip, which is the 
last part of the Earth: The Biography 
video that we watched.   
 
Students must connect class 
material to the media (Earth: The 
Biography).  This gives students 
practice in feedback loops, which 
models the way students should 
think about climate concepts that 
they encounter outside of class.  
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Day Lesson Rationale 
Days 
9-10 
Carbon Cycle Activity (60 min) 
 During the Carbon Cycle Activity described 
in Keystone Lesson 5, students much draw 
feedback loops from a reading from the text 
Climate Change. 
  
This activity revisits feedback 
loops and prompts the students 
to apply their feedback loop 
development skill to a new 
media: designing a feedback loop 
that is discussed in a reading. 
Day 
12 
Lecture on Pleistocene Glaciations (40 min) 
 During the PowerPoint, “Pleistocene 
Glaciations cont.”, the professor discusses 
feedback that could have caused the drastic 
swings in glacial cycles.   
 
This is another example where 
feedbacks are applied in other 
parts of the class.  Feedbacks are 
particularly important because 
they enhance perturbations and 
forcings that impact the climate 
system. 
 
Materials and Resources Needed 
 PowerPoint presentations: feedback loops, equilibrium (Days 2 and 3), Pleistocene 
glaciations (Day 12). 
 Projector for PowerPoint presentations. 
 Textbook – The Earth System. 
 Chalkboard/chalk or whiteboard/markers. 
 ½ sheets of paper for exit tickets. 
 Play Dough. 
 Earth: The Biography Video. 
 Materials for Carbon Cycle activity (see Keystone Lesson 5). 
 
Teaching Logistics 
 According to my course evaluation, 3 out of 27students mentioned this activity as one 
of the ones they enjoyed the most. 
 
References 
 
Gowda, M. V. R., Fox, J. C. & Magelky, R. D. (1997). Students’ understanding of climate 
change: Insights for scientists and educators. Bull. Amer. Meteor. Soc.,78, 2232–2240.  
 
McCaffrey, M. & Buhr, S. (2008). Clarifying climate confusion: Addressing systematic holes, 
cognitive gaps, and misconceptions through Climate Literacy. Physical Geography, 
29(6):512–528. 
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APPENDIX P 
Final Report: An Atmospheric Science Laboratory for Undergraduate Education 
Implementation and Evaluation (Radiation and Precipitation) 
 
Introduction 
 
As part of a nationwide push to improving STEM education, the University of Colorado’s 
Department of Atmospheric and Oceanic Science received NSF Funding to install a rooftop 
radiation and precipitation laboratory and develop an undergraduate curriculum that utilizes 
instruments associated with the lab.  Instruments installed on the roof of the University of 
Colorado’s Duane Physics include: pyranometer, pyrgeometer, ceilometer, sunphotometer, rain 
gauge, laser optical disdrometer, and micro rain radar.  The department utilized a Team and 
iteration-based approach to develop two (2) laboratory exercises that utilize these instruments.  
The Team implemented these lab exercises into the 1-hour undergraduate laboratory, ATOC 
1070 – Weather and Atmosphere Laboratory.  Initial implementation occurred during the Spring 
2010 semester in select sections of the class.  Based on the initial sessions, the Team revised 
aspects of the lab, and finally implemented the final curriculum into all labs during the Fall 2010 
semester.   
 
This report summarizes the steps taken for the implementation of the instrumentation 
curriculum, highlights significant changes in the curriculum, and discusses the evaluation and 
revisions to the curriculum.  Successes include: significant involvement in development by 
professors, a senior lecturer, a professional research assistant, and graduate students.  Multiple 
iterations of the curriculum were trialed in the laboratory class leading toward a final product.   
 
This report does not highlight the installation of the equipment and website, 
http://skywatch.colorado.edu/.  It focuses on curriculum development utilizing the instruments 
and data.   
 
 
Method 
 
The team-based approach involved professors and a team consisting of a senior lecturer (director 
of the ATOC 1070 laboratory), a professional research assistant, and graduate students, called 
the “Team” from this point on.  The curriculum development process started November 2009 
and lasted until August 2010.  The four main segments of the process are as follows: 
1. Development phase – The Team collaborated on the development of the laboratory exercises, 
initiated by the development of the essential questions and learning goals, followed by the 
development of a questionnaire to assess students’ knowledge on the topic before and after 
the study. 
2. Pilot phase – Laboratory instructors, also part of the Team, taught the curriculum in one of 
their two lab sections.  They taught the traditional curriculum in their second laboratory 
section for comparison.  Students from all sections were assessed before and after the lab.  
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3. Revision phase – The Team made revisions to the new curriculum based on the instructors’ 
experience and reflections.  The Team also overhauled the ATOC 1070 laboratory schedule 
to accommodate the new curriculum.  A second iteration of the Radiation Lab was taught 
during the summer 2010 semester.     
4. Final implementation – The Team made final edits to the new lab exercises and incorporated 
them into the Fall 2010 laboratory curriculum. 
 
This process resulted in the development and implementation laboratory exercises on 
radiation, incorporating data from the pyranometer, pyrgeometer, and ceilometer; and 
precipitation, incorporating the rain gauge and the disdrometer.  
 
Development Phase November 2009 through March 7, 2010 (approx.)  
The development phase included a kick-off meeting and the iterative process of 
developing a laboratory exercise with the input of professors on one hand and the graduate 
students, research assistant, and senior lecturer on the other.  A high-level kick-off meeting 
started the project, during which management determined the process to be followed.  The 
professors would develop high-level goals, called essential questions and learning goals, and a 
general outline of the laboratory exercise, while the Team would add detail and ultimately refine 
the exercises.  The result of the kick-off meeting was the development and implementation 
process and timeline.   
 
Ultimately, the Team utilized following process. 
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Figure P.1: Curriculum Development Process  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The Team utilized the process above for the development of both laboratory exercises, 
radiation and precipitation.  A different professor was in charge of the oversight of each.  With 
the exception of the Team kick-off meeting, the Team reviewed and evaluated both new labs 
separately. 
 
The Team selected current or “traditional” or “old” labs that best matches the essential 
questions and learning goals proposed for each of the “new” lab.  For evaluation, the new lab 
was compared to the corresponding traditional lab.  Essential questions and learning goals did 
not always align, as was the case with the precipitation lab.  This misalignment was taken into 
account throughout the project, especially during the revision phase when the Team determined 
how to incorporate the new precipitation lab into the laboratory curriculum.  
 
The following table shows the comparison between the new and traditional lab that the 
Team selected for comparison. 
  
 Team kick-off meeting 
December 11, 2009 
Professors develop the Essential Questions, Learning Goals, and General Lab Exercise Outline 
Senior instructor, professional research assistant, and graduate 
students revise professors’ outline and focus exercises. 
Select individuals from the 
team write lab exercises 
based on what has been 
developed thus far. 
Professors revise and/or 
approve the team’s 
additions/revisions 
Based on 
professor’s 
Essential 
Questions and 
Learning Goals, 2 
graduate students 
develop the pre 
and post 
instruction 
assessment. 
Final laboratory exercise Final pre/post assessment 
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Table P.1: Comparison of Essential Questions and Goals 
Radiation Precipitation 
New Traditional New Traditional 
“Radiation in the 
Atmosphere” 
“Infrared Radiation 
and the Greenhouse 
Effect”  
“Precipitation Lab” “Your Cloud 
Observations and 
Synoptic Weather 
Patterns” 
Essential Questions: 
1. How do the 
magnitudes of solar 
and infrared radiation 
compare during the 
day? During the 
night?  
 
2. What factors 
control the amount of 
solar (shortwave) and 
infrared (longwave) 
radiation reaching the 
ground? 
 
3.  How does the 
greenhouse effect 
work? 
 
Objectives: 
Demonstrate the 
following:  
1. Properties of 
emission and 
absorption of 
radiation in the 
Earth’s, or any, 
atmosphere. 
 
2. The principle of 
how the Earth’s 
atmospheric and 
surface temperatures 
may be determined by 
measurements from a 
weather satellite. 
 
3. How the 
temperature of the 
lowest layer of the 
Earth’s atmosphere 
(lowest few 
kilometers above the 
surface) depends on 
the amount of carbon 
dioxide, water vapor, 
and other absorbing 
gases present. 
 
Essential Questions: 
1. What is the drops 
size distribution in ran 
storms and how does 
it affect rainfall 
amount and rainfall 
intensity? 
 
2. How are rainfall 
intensity, rainfall 
amount, and particle 
size distribution 
measured? 
 
3. Why do storms 
with the same rainfall 
amount have different 
intensity? 
 
4. What is the shape 
of a raindrop? 
 
Objectives: 
1. Observe, identify, 
and keep a log of 
cloud observations 
during the weeks 
preceding the lab 
period. 
 
2. Relate the cloud 
observations to the 
regional weather 
patterns revealed by 
surface weather maps, 
upper air maps, 
satellite images, and 
radiosonde soundings. 
  
As one can tell, there are many differences between the goals of new and traditional labs, 
so it is difficult to conduct a comparative study of student understanding due to incorporation of 
instruments into the weather lab.   However, we compare the labs to show why and how we 
changed the existing lab curriculum to effectively incorporate the instruments.   
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Pilot phase March 8, 2010 through April 17, 2010 (approx.) 
During the pilot phase, 4 instructors taught the new laboratory exercises in their 
classrooms, while a different graduate student pre and post-assessed the students and observed 
the labs.  Instructors were selected on their willingness to pilot the new curriculum in their 
classroom and their ability to teach a comparison lab.  Because of the latter requirement, only 
instructors who taught 2 laboratory sections piloted the new lab.  The purpose of this was to 
compare the “traditional” and “new’ labs with the same instructor, was so that the instructor 
could compare their experience teaching both.  Instructors’ reflections helped us improve the 
new labs.  Below is a schedule of the dates and instructors for each lab.  Two instructors piloted 
each, radiation and precipitation. 
 
Table P.2: Instruction Schedule 
Topic Instructor New Lab Traditional Lab 
Radiation 
Instructor 1  March 15, 12:00 noon March 15, 2:30 pm 
Instructor 2 March 15, 5:00 pm March 16, 3:30 pm 
Precipitation 
Instructor 3  April 6, 11:00 am April 8, 11:00 am 
Instructor 4  April 7, 5:00 pm April 7, 3:00 pm 
     
The same content questions were used to pre- and post-assess the new and traditional 
radiation labs.  The same was true for the precipitation labs.  Pre-assessments were given the 
week before the lab, while post assessments were given the week after the lab.  The Radiation 
lab was piloted the week before Spring Break, so the post-assessments were given on the return 
week.     
 
Revision phase April 18, 2010 to August 8, 2010 (approx.) 
Since all instructors were members of the Team, the revisions to the new labs were based 
on the pilot experiences, including timing, teaching, and grading.  The senior lecturer and 
graduate students met on April 19 to discuss changes to the new labs and overhaul the ATOC 
1070 semester schedule to make room for the new labs.  Based on positive experiences from the 
instructors, the Team decided that both new labs should be included in the curriculum as long as 
a few additional revisions are made.  The Team also decided on a few changes (or overhauls) to 
the ATOC 1070 lab curriculum, including: 
1. Modulization of  laboratory experiments. 
2. Incorporation of the new radiation lab, into the laboratory curriculum, in addition to the 
traditional “Infrared Radiation and the Greenhouse Effect”. 
3. Removing the “Your Cloud Observations and Synoptic Weather Patterns” from the 
curriculum, but incorporating the cloud log activity into the new radiation lab. 
4. Overhauling “Lab 1: Introduction to Weather and Atmosphere Laboratory” by shortening 
the instructions and including precipitation lab.  
Details on these changes are discussed in the results section of this final report. 
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During the summer of 2010, the senior lecturer and 3 graduate students revised the 
ATOC 1070 curriculum including the changes proposed on the April 19
th
 meeting.  The majority 
(all but the implementation of the precipitation lab) of the changes were piloted during the 
summer 2010 semester by 2 instructors.   
 
Final implementation August 9, 2010 through August 31, 2010 (approx.) 
The senior lecturer and a graduate student finalized the curriculum and changes identified 
during the summer pilot.  These changes were minor.  Finally, the end-product of the project 
arrived on the shelves of the University of Colorado Bookstore, a revised ATOC 1070 
curriculum that incorporates  instrumentation and data from the ATOC Skywatch Observatory.  
The ATOC 1070 Laboratory class will continue to utilize the curriculum in future semesters.   
 
 
Results 
 
The ATOC instrumentation curriculum development project resulted in the incorporation 
of atmospheric measurement instruments into the undergraduate laboratory, ATOC 1070: 
Weather and Atmosphere Laboratory.  As discussed in the NSF proposal, the process 
incorporated multiple individuals and an iterative approach to ensure balanced laboratory 
exercises.   Major results of the process include:  
1. The creation of a radiation lab that utilizes pyranometer, pyrgeometer, ceilometer, and 
video data from the ATOC Skywatch website, as well as in class use of the pyranometer 
and pyrgeometer.     
2. The creation of a precipitation lab where students utilize the disdrometer and rain gauge 
in the laboratory. 
3. The incorporation of these labs into the ATOC 1070 curriculum and the revision or 
removal outdated labs. 
 
Radiation Lab 
The new radiation lab was designed to be more open-ended than traditional ATOC 1070 
labs and at the same time incorporate radiation measurement instruments.  Prior to the lab, the 
students take 10 cloud observations, an activity adapted from the “Your Cloud Observations and 
Synoptic Weather Patterns” lab, which was removed from the ATOC 1070 curriculum.  During 
part 1 of the radiation lab, the laboratory instructor demonstrates the measurement properties of 
radiometers set up in the classroom.  Students record the reactions of the pyranometer and 
pyrgeometer to a hand or light source help over the device.  Then, the students experiment with 
the instruments in groups of 4 and with other objects of their choice and record the response of 
the instruments.  The instructor highlights that these are the same instruments that measure and 
record radiation as part of the Skywatch Observatory.  Students use the data they’ve recorded to 
determine the radiation wavelengths that each instrument measures.      
 
In part 2 of the lab, the students investigate the radiation during different types of weather 
(clear, cloudy, precipitating, scattered clouds).  The instructor preselects 3 days of data for the 
students to investigate.  The students records the pyranometer, pyrgeometer and ceilometer 
measurements at noon and midnight for each of the three days and compares the Skywatch video 
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to their own cloud observations, if they happened to observe that day.  Students compare the 
radiation with the amount of clouds and the impact of clouds on the visible and infrared radiation 
at the surface.    
 
In part 3, the student uses the Stefan-Bolzmann equation and the local upper air sounding 
to calculate the emissive temperature of the atmosphere and the effective emission altitude.  
They compare the effective emission altitude to the cloud height.   
 
Finally in the conclusion portion of the lab, the students extrapolate the concepts in the lab into 
the big picture.  Students consider the amount of radiation that the ground receives from the sun 
and the Earth, the impact of clouds at night, the impact of increased greenhouse gases in the 
atmosphere, and the impact of an entirely cloud-covered Earth. 
 
The new radiation was dubbed, “Visible and Infrared Radiation in the Atmosphere” in the 
Fall 2010 manual.  It supplemented the existing “Infrared Radiation and the Greenhouse Effect” 
lab.  The Team decided that including both lab experiments in the curriculum is important for 
students’ understanding of radiation in the atmosphere.  These two along with the existing “Light 
Beams – Intensity, Absorption, and Scattering” lab make up the Radiation Module. 
     
Precipitation Lab 
The Team incorporated the precipitation lab with a streamlined “Computer Orientation” 
lab to create the lab, “Graphing Data and Precipitation Lab.”  This lab serves as the first lab of 
the semester and sets the precedent for the remainder of the semester by requiring students to 
conduct science on the first day of class. 
 
For this introductory lab, the instructors set up a disdrometer in the classroom.  Students 
measured a prescribed amount of water using a rain gauge then dump the water into a spray 
bottle.  Students spray the water through the disdrometer until none is left in the spray bottle.  
The students collect their data from the disdrometer and then answer analysis questions about the 
size of the drops produced and the velocity of a large drop compared to a small.   
 
In part 2, students investigate real radar values by interpreting and graphing Excel files 
containing reflectivity and rainfall rate.  They practice Excel skills needed to conduct other labs 
such as adding trendline to a chart, importing their charts into a word document, and writing 
functions in Excel. 
 
Although the new precipitation lab’s topic is different all the traditional labs, the Team 
compared it to the “Your Cloud Observations and Synoptic Weather Patterns” lab.  As a result of 
a lack of enthusiasm for the old cloud log lab and the opportunity to move the cloud log activity 
to the radiation lab, the Team removed the old cloud log lab from the curriculum.   
 
ATOC 1070 Curriculum 
In addition to the creation and implementation of the new labs, the Team overhauled 
parts of the ATOC 1070 curriculum, introduced earlier.   
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Modulization of the laboratory experiments 
The Team created of 3 modules, each housing 2-3 labs.  Modules ensure conceptual flow 
between related labs.  Modules included Moisture (3 labs), Radiation (3 labs), and Hurricane 
Module (2 labs). 
 
New Radiation Lab 
As discussed earlier, the “Visible and Infrared Radiation in the Atmosphere” joined the 
traditional “Infrared Radiation and the Greenhouse Effect” as 2 separate labs in the radiation 
module.  Instructor feedback from the radiation lab suggested that the new radiation expands 
upon concepts introduced during the traditional lab.  Combining both into one lab would not fit 
into one class period.  Because both labs teach different concepts, with one being more advanced 
than the other, the Team concluded including both is important to students developing a deeper 
understanding of radiation and climate change.  
 
Removal of Old Cloud Log Lab 
With the addition of the new radiation lab and keeping the greenhouse effect lab, one of 
the outdated labs in the old curriculum had to be removed.  The Team agreed to remove the 
traditional lab, “Your Cloud Observations and Synoptic Weather Patterns.”  All is not lost 
because the cloud observation activity was integrated into the new radiation lab so that students 
can compare their cloud observations with the Skywatch video.  
  
Overhaul of the Introduction Lab 
The Team overhauled the first lab of the semester by adding the precipitation lab and 
requiring students to graph and analyze radar and rain gauge data.  The Team also streamlined 
the instructions for Microsoft Office 2007.  The Team discussed the possibility producing a 
video about the disdrometer that could be shown in the lab.   
 
Finally, in order to ensure that laboratory students have the basic math skills to meet the 
expectation of the lab, a graduate student developed a worksheet of the math, such as 
exponentials and unit conversions.  The worksheet can be done by students outside of class.   
 
 
Evaluation Method 
 
We utilized a 2-sided approach to the evaluation of the curriculum.  On one end, the lab 
instructors and observers reflected on their teaching and observation respectively.   This led to 
revisions of the lab based on pilot teaching experiences.  On the other, we analyzed pre- and 
post-assessments as a means of comparing student performance on the assessment before and 
after the lab.   
 
In the methods section above, we discussed how the Team utilized the pilot experience to 
revise the labs.  Here, we discuss the evaluation of the assessment.   
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Assessment Development 
 
We wanted to examine the student assessment performance for the students who were 
taught the new lab and student assessment performance to students who were taught a traditional 
(old).  Therefore, for each lab (radiation and precipitation), we developed an assessment based 
on the essential questions and learning goals for the old and new labs.  Refer to table P.1, 
Comparison of Essential Questions and Goals for details of these.  In the case of the radiation 
lab, the old lab’s and new labs’ questions and goals relate, but were not the same.  The radiation 
lab assessment contains questions that both labs addressed.   
 
The precipitation lab’s questions and goals were starkly different.   Therefore, we 
couldn’t develop an assessment with only questions that both labs addressed.  We included 
questions relevant to one lab but not the other, but we balanced these questions so each group 
would receive two ambiguous questions.  For example, students were presented with data from 
the disdrometer and question about fall velocity and particle diammeter.  Old lab students had no 
contact with the disdrometer and no lesson on drop size in the lab.  We expected these students 
to perform poorly on this question.  We evaluated the total assessment score as well as each 
individual question score to take the ambiguous questions into consideration.    
 
Having different essential questions and learning goals for both sets of labs posed a 
challenge to the evaluation.  We decided to collect the data to analyze how students performed 
on the assessment, knowing that the content of the labs may be different.  We do not claim that 
our evaluation data shows that one lab is better than the other.  We report results to show the 
difference in assessment score before and after the lab.   
 
Evaluation Design 
 
Four (4) instructors taught the labs during the pilot phase.  To reduce the instructor effect 
and for comparison, each instructor taught the old lab to one of their sections and the new lab to 
their second section.  Two (2) instructors taught radiation labs and the other two, precipitation 
labs.    Figure P.2 below shows this process.   
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Figure P.2: Evaluation Process 
 
 
 
 
Laboratory classes met once a week.  During a typical class, students turn in their pre-
laboratory reports at the beginning of the period.  They read the lab at most one week before the 
day of instruction.  During the class, students were expected to conduct the experiment or 
exercise, answer questions, and reflect during their conclusion.  The lab report was due at the end 
of the 2-hour class.   
  
The pilot of the labs took place during the Spring 2010 semester.  Researchers pre-
assessed each lab section one class period before the day of instruction and post-assessed the lab 
sections the class period after instruction.  For the precipitation lab, post-assessment occurred 
one week after the day of instruction.  Spring break resided the week after the day of instruction 
for the radiation lab, so post-assessing took place two weeks after the day of instruction.  Content 
questions from the pre- and post- assessments were identical.  The pre-assessment contained 
additional questions about the students’ background.  The post-assessment asked students to rate 
the lab. 
 
We developed a scoring system for the assessments based on expert knowledge and 
common misconceptions that could arise.  In the analysis, we compared students’ pre- and post-
assessment scores and the change.  We also presented the average scores for the old and new lab 
students.  We evaluated only students who attended the lab and took both assessments.  We 
removed students who didn’t attempt to answer the questions.  We combined the students of both 
instructors.   
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Next, we present the results of the evaluations.  Different students experienced the 
different labs, so there was no control for the effect of the student.  The learning goals of the set 
of labs differed as discussed above.  We have a small sample size, so we do not use the results to 
make claims about effects of the new lab on student learning.   Instead, we present the results of 
student performance on the assessment before and after the lab.  
 
 
Radiation Lab Evaluation 
 
For the evaluation, we scored questions 1, 3, 4, and 5.  There are 17 maximum points 
possible, with a breakdown of 6, 3, 4, and 4 points for each respective question. 
 
Our sample size of the new radiation lab was twenty-five (25) students, while twenty-four 
(24) students completed all requirements for the traditional (old) lab.  The highest possible score 
on the scored portion of the assessment was 17 points. 
 
Figure P.3 shows the average assessment scores and average change.  Error bars indicate 
the 95
th
 percentile confidence intervals.  
 
Figure P.3: Radiation Lab Average Assessment Scores 
 
 
 
The average score of both groups increased.   The new lab students’ average change (2.2 
points) was higher than the old lab students’ change (0.8 point).    However, the new lab 
students’ pre-assessment average (5.0) was lower than the old lab students’ pre-assessment 
average (7.1).   The new lab students’ post-assessment average (7.3) was lower than the old lab 
students’ post-assessment (7.8) 
 
The table below shows the mean, standard deviation in parentheses, and p-values of the 
assessment scores. 
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Table P.3: Average Scores (Standard Deviations) and Test Statistics (P-values) 
  
Pre-
assessment 
Post-
assessment Change 
F-test 
statistic 
t-test 
statistic 
New Lab 5.04 (3.09) 7.25 (2.67) 2.21 (2.74) 0.477 0.000 
Old Lab 7.15 (3.18) 7.94 (3.22) 0.79 (2.03) 0.961 0.069 
F-test statistic 0.885 0.369 0.157     
T-test statistic 0.023 0.419 0.046     
 
P-values result from the F-test for equality of variances and the t-test for level of 
significance.  P-values on the bottom row of the graph correspond to tests of significance for 
columnar data.  P-values on the right column result from significance testing between pre- and 
post-assessment mean scores of the corresponding lab.  We used two-tailed level of significance 
tests.  We determined that that data was normal prior to the level of significance testing by 
examining histograms of the data.   
 
All P-values of F-test were above 0.05, indicating equal variances for all pairs.  Our t-test 
indicated that the new lab students’ score increase was significant (p = 0.000).  The old lab 
students did not post a significant increase in their post-assessment scores (p=0.069).     
 
The table below shows the descriptive statistics for each sample.   
 
Table P.4: Descriptive Statistics 
  New Lab Old Lab 
  
Pre-
assessment 
Post-
assessment Change 
Pre-
assessment 
Post-
assessment Change 
Mean 5.04 7.25 2.21 7.15 7.94 0.79 
Median 4.50 7.50 2.00 8.25 8.50 0.50 
Standard 
Deviation 3.09 2.67 2.74 3.18 3.22 2.03 
Minimum Value 0.5 1.5 -2.5 2 1.5 -2 
Maximum Value 12 11.5 8 13 13.5 5.5 
Range 11.5 10 10.5 11 12 7.5 
Sample Count 25 25 25 24 24 24 
95% Confidence 
Interval 1.28 1.10 1.13 1.34 1.36 0.86 
95% CI Low 3.76 6.15 1.08 5.80 6.58 -0.07 
95% CI High 6.32 8.35 3.34 8.49 9.30 1.65 
 
No student in either sample achieved the highest possible score of 17 points.  The highest 
score from the new lab sample resulted during the pre-assessment (12 points).  This highest score 
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from the old lab sample (13.5 points) occurred during the post-assessment.  All student scores 
were significantly lower than the highest points possible.  
  
One explanation for the average score being lower than the highest possible is that both 
labs do not teach information that advance the student to the highest level measured.  Another 
explanation is that the student may have lost some of the information they learned in lab during 
the week between the lab and the assessment.  Finally, the results show the students’ 
performance against the assessment, whose objectives may not have been taught in the labs.     
 
To better understand the nature of the scores, we categorized the scores.  We divided the 
scores into: low, medium, and high.  Table P.5 defines each category. 
 
Table P.5: Score Categories 
Category Score Range 
High Greater than or equal to 9.0. 
Medium Greater than or equal to 4.0; Less than 
9.0 
Low Less than 4.0 
 
We defined each category by examining histograms of scores and identified categories 
that naturally group together.  Therefore, our “high” category is not a high score in compared to 
the highest possible score, but rather high compared to the other scores analyzed. 
 
Figure P.4 shows the number of students scoring within each category: 
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Figure P.4: Score Categories 
 
 
 
 
There were more new lab students (10) than old lab students (6) scoring in the low 
category on the pre-assessment.  Both labs had the same number of medium students on the pre-
assessment (12).  There were more old lab students (6) than new lab students (2) who scored in 
the high category.   
 
The post–assessment results are different.  For the new lab, the number of students in the 
medium (16) and high (7) categories increased, while the low classification decreased (3).  The 
old lab students demonstrated a shift in scoring as well, with an increase in the high classification 
(11) and a decrease in the low (3). 
 
Keeping within the low/medium/high categorization pre-assessment, the following figure 
shows the movement of those groups’ average score.  
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Figure P.5: Average Movement Within Groups 
 
 
 
 
As can be seen from figure P.5, the old lab category averages all improve. The new lab 
showed a different story.   The low category scores demonstrated the largest jump, from 2.3 to 
6.0.  But, the high students demonstrated a decrease in average score.   
 
The ten (10) new lab students in the low category improved so much that their score 
launched their average into the medium category.  This is shown in the pie charts as a decrease in 
the number of students in the low category on the post-assessment.   
 
The new lab taught students basic information about radiation.   The students who 
benefitted most from this lab most likely were the students with little or no background prior to 
the lab.  But since the scores are not close to the highest possible, there could be ways to improve 
the lab to increase the number of concepts that the students learn.   
 
In both the old and new lab, some students improve, some remain the close to the same, 
while others’ scores decrease.  We defined improvement levels on natural grouping of 
improvement.  The following table defines each improvement level. 
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Table P.6: Improvement Levels 
Level Description 
Moderate Improvement Score increase greater than or equal to 4 points.  
Called “moderate” because changes are not 
high.  
Small Improvement Score increase greater than 0 but less than 4 
points. 
No Change Pre- and post-assessment scores equal. 
Score Decrease Post-assessment score less than pre-assessment 
score. 
 
We investigated the number of students who fit into each level.  The following figure 
shows the percentage of students at each level of improvement. 
 
Figure P.6: Score Change 
 
 
  
A higher percentage of new lab students (28%) demonstrated moderate improvement 
compared to old lab students (8%).  Also, a higher number of old lab students (13% and 29% 
respectively) demonstrated no change or a score decrease compared to new lab students (4% and 
20% respectively).  These differences account for the difference in score change between the 
new lab (2.2) and old lab (0.8).  
 
The following tables are matrices that display the movement of students within a 
categorization.   
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Table P.7: New Lab Classification Chart 
  
Moderate 
Improvement 
Small 
Improvement Same 
Score 
Decrease  Total 
High       3 3 
Medium 2 7 1 2 12 
Low 5 5     10 
 Total 7 12 1 5 25 
 
Table P.8: Old Lab Classification Chart 
  
Moderate 
Improvement 
Small 
Improvement Same 
Score 
Decrease  Total 
High   5 2 1 8 
Medium 1 4 1 4 10 
Low 1 3   2 6 
 Total 2 12 3 7 24 
 
More new lab students than old lab student experienced moderate improvement.  Of the 
new lab students moderately, most (5) initially were in the low category.   As evidenced by a 
lower average post-assessment score, all new lab high students’ score decreased.  The old lab’s 
high category experienced only one score decrease.  None of the low new lab students’ (10) 
score decreased, but 2 of the low old lab students’ (6) score decreased.  
 
We investigated the decrease in average score of the high new lab students.  We found 
that these students took a lot of time to write complete answers during the pre-assessment, but 
wrote brief and hurried answers during the post-assessment.  Hurrying during the assessment 
could have caused them to skip details in their answers resulting in a lower score.   
 
Students in the high category have a prior understanding of radiation.  The reduction in 
high students’ new lab scores could be due to the open-ended structure of the lab.  The lab’s 
open-endedness could cause these students to second guess their prior knowledge, making them 
unsure and scoring lower on the post-assessment.  The intention of the open-ended lab is that 
these students figure out the scientific concept through the process of inquiry, developing content 
knowledge but valuable scientific reasoning skills.      
 
During the post-assessment, we asked the students to rate the lab on a scale of one 
(lowest) to five (highest).  The table P.9 shows the results of this rating.   
 
Table P.9: Student Rank of Radiation Lab 
New Old 
3.90 3.43 
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Students who took the new lab rated it higher than those who took the old lab.  Teacher 
bias while teaching the lab could influence this rating.  For example, one instructor introduced 
the new lab as, “Much harder than any lab in this class.  But fun!”  The enthusiasm presented by 
this instructor, as well as the presence an assistant may encourage students to “like” the new lab 
more.  Other factors of influence on the average rating include student differences, which are 
more apparent in small sample sizes. 
 
 
Precipitation Lab Evaluation Results 
 
Rather than investigating the change in score for low, medium, and high students as in 
the radiation lab, we looked at the results for the total assessment and each individual question 
for the precipitation lab evaluation.  We did this because questions on the assessment covered the 
learning goals of either the new or old lab, but not both because the learning goals for both labs 
were different.   We wanted to see the change in students’ score for the questions related to the 
lab they performed.  Two of the assessment questions relate to the new lab (questions 1 and 5), 
while two of the questions relate to the old lab (questions 2 and 4).  Question 3 relates to the 
same topic as the labs, condensation and precipitation, but was not addressed in either.   Table 
P.10 contains the assessment questions indicates the related lab. 
 
Table P.10: Precipitation Lab Assessment Questions and Related Lab 
# Assessment Question Points 
Possible 
Related to: 
1 Describe some of the instruments that measure 
atmospheric moisture (precipitation, clouds, and 
humidity).  What are the limitations of these 
instruments? 
6 points New Lab 
(Precipitation 
Lab) 
2 What are some things that radar can tell us that 
satellite images cannot? 
2 points Old Lab (Cloud 
Observation Lab) 
3 List some of the factors that will determine 
whether or not a cloud precipitates.   
3 points Neither Lab 
directly 
4 Describe what happens when a cold front moves 
over you in terms of clouds and precipitation. 
3 points Old Lab (Cloud 
Observation Lab) 
5 What are the most common fall velocities and 
diameters of the particles in the precipitation 
event described by the graph?  
 
 
2 points New Lab 
(Precipitation 
Lab) 
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The total possible score for the assessment is 16 points.  Students did not score the 
highest possible.  We analyzed the assessments for twenty-six (26) new students and twenty-nine 
(29) old lab students.  Figure P.7 below shows the summary data for the average assessment 
scores of both groups.  Error bars indicate the 95
th
 percentile confidence intervals.  
 
Figure P.7: Precipitation Lab Average Assessment Scores 
 
 
      
There are similar pre-assessment scores for both labs (2.86 for the new and 2.97 for the 
old).  The students who took the new lab demonstrated an average change of 1.38 points, which 
is more than the students who took the old lab (0.53 point change).  Post assessment scores for 
the new lab students averaged to be 4.23, while post assessment scores for the old lab students 
was 3.50.  A look into the each individual question revealed the reason for the change.  This is 
described later on in this section.   
 
We utilized the F-test for equality of variances, and then the t-test for significance to 
determine if the average scores and score changes were significantly different.  The following 
table displays the averages and the results of these statistical tests. 
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Table P.11: Average Scores and Test Statistics 
  
Pre-
assessment 
Post-
assessment Change 
F-test 
statistic 
t-test 
statistic 
New Lab 2.86 4.23 1.38 0.300 0.000 
Old Lab 2.97 3.50 0.53 0.010 0.028 
F-test 
statistic 0.378 0.559 0.297     
t-test 
statistic 0.700 0.077 0.028     
   
P-values result from the F-test for equality of variances and the t-test for level of 
significance.  P-values on the bottom row of the graph correspond to tests of significance for 
columnar data.  P-values on the right column result from significance testing between pre- and 
post-assessment mean scores of the corresponding lab.  We used two-tailed level of significance 
tests. 
 
We see that the increase in assessment score for new and old lab students and is 
significant (P-values = 0.000 and 0.028 respectively).  New lab students’ scores increased 
significantly more than old lab students’ (P-value = 0.028).     
 
Table P.12 shows the descriptive statistics for each sample.   
 
Table P.12: Precipitation Lab Descriptive Statistics 
  New Lab Old Lab 
  
Pre-
assessment 
Post-
assessment Change 
Pre-
assessment 
Post-
assessment Change 
Mean 2.86 4.23 1.38 2.97 3.50 0.53 
Median 2.75 4.63 0.88 2.50 0.88 0.50 
Standard 
Deviation 1.14 1.41 1.52 0.96 1.58 1.24 
Minimum Value 0.5 1 -1.5 1.5 1.5 -1.5 
Maximum 
Value 5 7.5 5.5 5.25 8 3.5 
Range 4.5 6.5 7 3.75 6.5 5 
Sample Count 26 26 26 29 29 29 
95% 
Confidence 
Interval 0.46 0.57 0.61 0.37 0.60 0.47 
95% CI Low 2.40 3.66 0.76 2.60 2.90 0.06 
95% CI High 3.32 4.80 1.99 3.33 4.10 1.01 
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Although the highest possible score for the assessment was 16 points, the students never 
came close to that value.   The highest score by a new lab student moved from 5 points on the 
pre-assessment to 7.5 on the post-assessment.  The highest pre-assessment score for old lab 
students was 5.25, and the highest post-assessment was 8 points. Notice that the highest score in 
both cases comes from an old lab student. 
 
Low assessment scores mean that there is a lot of room for students to improve. Perhaps the main 
reason for a low assessment average is due to the division of questions among the learning goals 
of the labs.  Since the each lab didn’t teach all of the content on the assessment, we expect the 
students to score low on some of the questions, in particular, the ones related to learning 
objectives that were not covered in their labs.  Later on, when we break the scores down into a 
question by question analysis, it will be shown that even questions designed to address a lab’s 
learning goal still do not attain the highest possible question score. 
 
As can be seen from the data presented so far, old lab students demonstrated an increased 
assessment score that was significant.  In the next evaluation portion, we investigate change by 
question to determine what questions attributed to the score increase.   
 
The following table shows the average score broken down by question.  The total 
possible points for the question are located on the second column. Keep in mind that questions 1 
and 5 were tailored to the learning goals of the new lab and questions 2 and 4 were tailored to the 
learning goals of the old lab. 
 
Table P.13: Points by Question 
    New Lab Old Lab 
Question 
Possible 
Points 
Pre-
assessment 
average 
Post-
assessment 
average Change 
t-test 
statistic 
Pre-
assessment 
average 
Post-
assessment 
average Change 
t-test 
statistic 
1 (New) 6 0.64 1.88 1.23 0.00 0.75 0.86 0.11 0.44 
2 (Old) 2 0.34 0.36 0.02 0.85 0.26 0.30 0.04 0.53 
3 
(Neither) 3 0.87 0.65 -0.21 0.17 0.79 0.86 0.07 0.63 
4 (Old) 3 0.56 0.69 0.13 0.18 0.83 0.90 0.07 0.33 
5 (New) 2 0.45 0.65 0.20 0.15 0.34 0.58 0.24 0.01 
Total 16 2.86 4.23 1.38 0.00 2.97 3.50 0.53 0.03 
 
The new lab students demonstrated an average increase of 1.23 points on question 1, their 
only significant increase.  New lab students’ average question 1 score was 0.64 at the before the 
lab, but 1.88 after the lab.    Old lab student only demonstrated an average increase of 0.11 
points.  There was no significant difference between the new and old lab scores.  The increase in 
new lab scores and lack of increase in old lab score is due to assessment question.  The question 
was based upon the learning goals of the new lab.  The question asks student to describe 
examples to describe instruments that measure atmospheric moisture.  The students interacted 
directly with 2 of these instruments in the new lab, namely the disdrometer and the rain gauge.  
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The close interaction with these instruments may help them better answer this question in the 
post-assessment.   
 
Even though the change new lab students’ scores from questions  2, 4, and 5 were not 
significant at the 0.05 level, the average scores of each increased, adding to post-assessment 
average score increase.  Performance on question 3 decreased, but question 3 does not directly 
address any learning goals from either lab. 
 
The most surprising aspect of the results is that the new lab students didn’t demonstrate a 
significant increase (0.20) in their question 5 score, but the old lab students’ increase (0. 24) was 
significant.  This is odd because question 5, which ask the student to identify the most common 
fall velocity and particle size from a disdrometer-generated graph is geared toward new lab 
students.  One explanation for this oddity is that students with the appropriate graph-reading 
skills can correctly answer the question without any prior background on the disdrometer.  
Perhaps the question repetition added to an increase in old lab post-assessment score.    
 
The following figures graphically show the average pre- and post-assessment question 
scores.  By looking at the figures, it is apparent that the largest increase in score comes from 
question 1 in the new lab. 
 
Figure P.8: New Lab Scores by Question 
 
 
 
  
  Appendix P – Atmospheric Science Laboratory 
315 
 
Figure P.9:  Old Lab Scores by Question 
 
 
 
 
Error bars indicate the 95
th
 percentile confidence intervals.  Figure P.8 shows the 
significant difference in the new lab students’ question 1 score, while Figure P.9 shows that old 
lab students’ question 5 pre- and post-assessment scores are significantly different.  (The error 
bar of one score does not overlap the average of the other. 
 
Figure P.10 shows the average score change.  
 
Figure P.10: Change by Question 
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The score change for most questions was small compared to the change from the new lab 
question 1.  Both the new and old lab students demonstrated small average change on question 5 
(0.20 and 0.24 respectively).  The old lab question 5 is significant, while the new lab’s change is 
not.  Also notable is the question 3 average score decrease for new lab students.  This question 
was not addressed in either lab’s learning goals.  
   
Table P.14 below shows the results of various test of significance for each question.  
These tests of significance compare the old and new labs average scores with each other.   
 
Table P.14: Significance Test Statistics 
  Pre-assessment Post-assessment Change 
Question F-test t-test F-test t-test F-test t-test 
1 0.70 0.48 0.33 0.00 0.82 0.00 
2 0.80 0.48 0.93 0.65 0.07 0.84 
3 0.17 0.64 0.65 0.26 0.93 0.18 
4 0.15 0.01 0.00 0.03 0.13 0.58 
5 0.62 0.43 0.54 0.63 0.06 0.81 
 
Table P.14’s data corresponds to previous results.  There is not a significant difference 
between the question 1 pre-assessment scores, but the post-assessment scores are significantly 
different, representing the large increase in the new lab students’ post-assessment question 
1score.   
 
The pre- and post- assessment question 4 average scores are significantly different.  The 
old lab students’ pre-assessment score (0.83) is significantly higher than the new lab students’ 
(0.56).  Likewise, the post-assessment old (0.90) and new (0.69) scores are significantly 
different.  The change in the scores, however (0.07 - old and 0.13- new) are not significantly 
different. 
  
Table P.15 show the student rating of the precipitation lab based on scale of 1 to 5, 5 
being the highest. 
 
Table P.15: Student Rank of Precipitation Lab 
New Old 
3.62 3.31 
 
Students who were taught the new lab rated it higher than students who took the old lab. 
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Discussion  
 
This project demonstrates an iterative, team-based approach to curriculum development.  
The process was used to develop undergraduate curriculum that incorporated actual radiation and 
precipitation instruments used by scientists to study the atmosphere.  Involving multiple 
individuals was challenging because everyone’s wishes could not be met 100%, but in the end, a 
balanced and feasible curriculum was developed.  The curriculum incorporates the desires of the 
professors, considers the portability and usability of the equipment, and is tailored to the abilities 
of undergraduates as determined by practicing instructors.  
 
The curriculum branches out of the traditional style used in the ATOC 1070 laboratory by 
utilizing guided inquiry during the new radiation lab.  Students are also given the opportunity to 
work with real instruments and at the same time, evaluate the data, giving the students the real-
world experience in atmospheric science.       
 
The iterative approach includes the process of professor development, team refinement, 
back to professor refinement, and so forth.  It also involves the piloting of the new labs to work 
out possible shortfalls before implantation in to the entire curriculum.  These steps ensure that a 
versatile curriculum was developed that addresses specific learning goals.  Due to the success of 
the project, the ATOC department will continue to use similar techniques to revamp 
undergraduate curriculum in the future.      
 
 
